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Predicted critical discharges were equaled or exceeded very infrequently 
during the 72-year streamflow record. In addition, discharges capable of 
transporting bed material exceeded threshold conditions by very little. This has 
resulted in low predicted rates and amounts of bedload transport over the period of 
record. 
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kilogram (kg)  4.5359 E-01 To Mom, Karin, Chris, Grandpa, and Grandma  
In memory of Dad, Tippy, and Dawson  A river may be compared to life; always moving, ever changing. The 
rapids represent the obstacles and hardships we all encounter from time 
to time. The challenges to be faced squarely and taken with enthusiasm. 
The slow peaceful stretches are like the quiet uneventful days we never 
see enough of. 
Often the river breaks up into several channels and one must make a decision 
as to which course is best. In life, as on the river, we can't be sure what lies 
ahead around the bend. But we can look forward to the unknown as a challenge 
and an opportunity rather than as a possible disaster. 
Watch and study the river. It has much to teach about life. 
James M. Quinn 
Quinn et al. [1979] DISCLAIMER 
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Downstream of the Pelton-Round Butte Dam Complex,  
Lower Deschutes River, Oregon  
1 INTRODUCTION 
1.1 Nature of the Problem Investigated 
1.1.1 DAMS AS AGENTS OF CHANGE 
Dams are pervasive features of twentieth century American landscapes. 
After an extensive period of dam construction (1930s  1960s), nearly all large 
rivers in the lower 48 states are regulated by dams, diversions, or locks [Collier et 
al., 1996]. Dams have been built for a variety of purposes, including water supply, 
flood control, irrigation, and electricity. In many ways they have benefited society, 
but the cost that dams have exacted on the environment is only beginning to be 
understood. Most dams were built when Americans lived under a different social 
paradigm; when our understanding and concern for the environmental effects of 
these structures were limited. The focus was on progress and development of the 
still seemingly inexhaustible natural environment. Entire streams, like the Owens 
River, were diverted to supply water for growing cities in the arid American 
southwest. As awareness about the environment and our ability to impact it grew in 
the late 1960s and early 1970s, concerns translated into laws (e.g., Clean Water 
Act) that attempted to make society more environmentally responsible in its use of 
natural resources. 
Dams have an enormous capacity to influence the natural flow of water. In 
the United States during a given year, 60% of the nation's streamflow can be stored 
behind dams [Hirsch et al., 1990]. On the Colorado River in the desert southwest, 
dams can store a quantity of water equal to four years of typical streamflow 
[Andrews, 1991]. Because we as a society now have the ability to regulate the 2 
nation's water, we have the obligation to do so wisely. Wise use requires 
understanding not only the benefits but also the impacts resulting from river 
regulation. 
Dams alter the supply of water and sediment to downstream reaches. 
Impounded rivers experience decreases in sediment load due to the high trapping 
efficiencies of reservoirs [Petts, 1979]. Large reservoirs typically retain more than 
99 percent of incoming sediment [Williams and Wolman, 1984] leaving sediment 
loads below dams to be derived almost exclusively from the channel bed and banks, 
and from tributaries. The effects of dams on streamflow are more complex. Dams 
serve many purposes and, consequently, different dams will influence natural flow 
regimes in different manners. No matter what the pattern of flow regulation, 
however, it is almost certain to be different from that found under natural flow 
conditions [Williams and Wolman, 1984]. 
Since the era of dam building, research has been conducted on the effects of 
dams on alluvial rivers in an attempt to better understand and predict channel 
changes resulting from impoundment. Because few extensive pre-dam studies were 
conducted, baseline data representing "undisturbed" conditions are relatively 
meager. This makes changes difficult to quantify for many channel characteristics 
such as channel-bed particle size distribution. Changes in other parameters, such as 
channel width, however, are more readily evaluated. 
Studies carried out in the engineering community generally focused on 
quantifying short-term changes, such as erosion of the channel bed by clear water 
released downstream from dams [e.g., Komura and Simons, 1967]. In these 
studies, many assumptions about channel hydraulics and geometry were made to 
simplify the analysis of the complex interaction between water and sediment. 
These assumptions allowed first-order quantification of the processes involved. In 
geomorphology, ecology, and hydrology (i.e., non-engineering) communities, 
research, though often still quantitative, was much more qualitative than the 
engineering-based studies and focused on understanding the complicated 
interactions and feedback loops that occur in the natural environment [e.g., Petts, 3 
1980]. Non-engineering studies qualitatively addressed the longer-term 
consequences of damming rivers and the extreme complexity of the systems 
disturbed. 
Studies have shown that altered sediment supply and water discharge below 
dams can affect geomorphic, ecologic, and hydraulic characteristics of downstream 
reaches [Williams and Wolman, 1984]. Observed dam-induced changes have been 
as varied as the river systems studied, ranging from channel degradation [Rasid, 
1979: Galay et al., 1985] and narrowing [Chien, 1985], to channel aggradation 
[Petts, 1988] and widening [Gilvear and Winterbottom, 1992], to channel-bed 
armoring, bar formation [White 1988] or destruction [Smith and Webb, 1992], to no 
perceivable change whatsoever [Williams and Wolman, 1984]. Changes in the 
physical characteristics of a river alter the habitat within the river, consequently, 
affecting the biota the habitat supports. 
The wide range of possible physical changes resulting from river 
impoundment makes prediction of the magnitude, timing, extent, and duration of 
channel change a challenge. Factors influencing post-dam change in physical 
channel characteristics include the relation between pre- and post-dam flow regime, 
frequency of mobilizing flows, sediment supply, and sediment size distribution. 
Research evaluating change in sediment and water characteristics below dams, 
therefore, is crucial to understanding how these structures might change the river 
downstream and to suggest ways to improve dam management to reduce possible 
changes. The time scale of channel changes can be on the order of years, decades, 
centuries, or even longer [Petts, 1980; Church, 1995] 
1.1.2 RECENT ATTENTION TO THE ENVIRONMENTAL EFFECTS OF DAMS 
The impacts of dams on alluvial rivers have been highlighted recently by 
two factors: declining fish populations and dam relicensing. In some portions of 
the Pacific Northwest, declining fish populations are threatening once-prolific 
species with extinction. Salmonids, which have received particular attention, are 4 
important to commercial and sport fishers, and have long been the staple of Native 
American populations and at the heart of their culture. In looking for ways to 
revive fish populations, dams and their operation have been examined to determine 
ways of regulating rivers that are beneficial to those organisms that inhabit them. 
The relicensing process is a second factor bringing dams into the public 
spotlight. Dams in the United States were originally licensed for up to 50 years. 
Structures licensed in the 1950s and 1960s will need to be relicensed during the 
next couple of decades. Typical relicensing involves extensive studies evaluating 
the environmental effects of the project. The heightened environmental awareness 
and concerns that are present today make the relicensing of water storage structures 
a process in which public and private sectors are becoming increasingly involved. 
1.2 Thesis Research 
The purpose of the research presented in this thesis is to examine bedload 
transport in the lower Deschutes River and to determine how this transport is 
influenced by a series of hydroelectric dams. The objective of the research is to 
provide a first-order approximation of the frequency and magnitude of bedload 
transport downstream of the dams, with implications for salmonid spawning 
habitat. This study is based on the premise that an understanding of present and 
past conditions and dynamics of the lower Deschutes River will provide the best 
way to evaluate the long-term effects of the dams on the channel and its ecosystem 
[Grant et al., 1995]. By focusing on the physical processes responsible for shaping 
the channel, it is hoped that the factors responsible for creating and maintaining 
salmonid spawning habitat will be identified. The results of this study, once 
synthesized with findings from other on-going studies, should suggest ways that 
dams can be regulated to maintain or possibly increase the quality and quantity of 
gravel available to spawning salmonids. 
Bed load transport is important to fish habitat in that movement of the 
channel-bed material helps flush from spawning gravel the fine sediment and 5 
organic matter that can clog the gravel and block the flow of water, which in turn 
affects the oxygenation of and waste removal from eggs buried in gravel nests 
(redds). Immobility of the channel bed material can lead to compaction and 
possibly cementation of the gravel, affecting its availability for future transport and 
suitability for spawning salmonids. 
Continuous streamflow records dating back to the mid-1920s allow this 
thesis research to include evaluation of bedload transport events up to 30 years prior 
to construction of the three-dam complex. The research makes use of one-
dimensional hydraulic and bedload transport models in conjunction with field data 
to determine the conditions required to move the channel-bed material and to 
calculate the amount of material expected to move at different streamflows. 
Historical streamflow records are also used to evaluate the frequency and 
magnitude of bedload transport over time. 
1.3 Portland General Electric Re licensing Project 
Portland General Electric (PGE) owns the series dams discussed in this 
study. Their three-dam complex includes Round Butte Dam, Pelton Dam, and 
Pe lton Reregulation Dam, collectively known as the Pelton-Round Butte Dam 
Complex. PGE originally obtained a license (number 2030) for Pelton Dam and 
Pe lton Reregulation Dam from the Federal Power Commission in 1951 [PGE, 
1996]. Round Butte Dam was added to that license in 1961. The Deschutes River 
delineates the eastern boundary of the Warm Springs Indian Reservation'. In 1982, 
the Confederated Tribes of the Warm Springs Reservation of Oregon added power 
Generation to the Pe lton Reregulation Dam. The license was once again amended 
to include the Tribes as co-licensees to the extent of their interest in power 
1 The Confederated Tribes of Warm Springs is composed of the Wasco, Warm Springs, and 
Northern Paiute tribes. 6 
generation at the Pe lton Reregulation development [PGE, 1996]. The original 50-
year license issued to Portland General Electric expires on December 31, 2001 
[PGE, 1996]. 
As part of their relicensing effort, PGE is conducting at least 20 studies to 
address the potential effects of the Pelton-Round Butte Dam Complex. The studies 
address water use and quality, fish resources, botanical and wildlife resources, 
historical and archaeological resources, recreation resources, land management, and 
aesthetics. Research being conducted in the area of fish resources includes seven 
different studies. One of these studies is the Lower Deschutes River 
Geomorphology Study of which this thesis research is a part. 
The goal of the Geomorphology Study is to address the question of how 
construction and operation of the Dam Complex may have affected the quality, 
quantity, and distribution of gravel in the downstream reaches, with implications 
for salmonid spawning and rearing [Grant et al., 1995]. Two components of the 
Geomorphology Study are currently in progress: the channel-bed textural analysis, 
and the hydraulic and bedload transport analysis. The research undertaken in both 
of these components will provide a base from which to conduct more detailed, 
directed studies in the years remaining prior to relicensing. The objectives of the 
channel-bed textural analysis are to document longitudinal patterns of the channel 
bed material and to assess downstream impacts associated with impoundment. The 
results of the study are discussed in McClure [1998]. The hydraulic and bedload 
transport analysis is considered in this thesis. The objective of this study is to 
provide a first-order approximation of the frequency and magnitude of bedload 
transport downstream of the Pelton-Round Butte Dam Complex. 
1.4 Previous Deschutes River Studies 
Numerous studies have been conducted on the Deschutes River. Few, if 
any, of these studies addresses sediment transport. The two most relevant studies 
[Aney et al., 1967; Huntington, 1985] address the potential impacts of the Pe lton-7 
Round Butte Dam Complex on salmonid spawning habitat in the lower Deschutes 
River. Both investigations have a strong fish emphasis, looking at the quality of 
gravel for spawning, effects of reduced flows and gravel supply on fish populations, 
and spawning locations. Aney et al., [1967], provided a rough estimate of the 
quality, quantity, distribution, and use of salmonid spawning gravel from 1961-
1966. The results of the study indicated that if the minimum legal flows suggested 
by the Federal Power Commission were used (which they were), available 
spawning area would be reduced by about 30 40% due to loss of areas with 
adequate water velocities and depths [Aney et al, 1967]. 
In the 1980s, shifts in the percentage distribution of fall chinook spawning 
activity in the lower Deschutes River suggested that spawning habitat had been 
degraded by the PGE Dam Complex [Huntington, 1985]. It was thought that by 
restricting gravel movement and regulating lower river flows, the Dam Complex 
had caused a shift in the distribution of spawning fall chinook salmon that reflected 
a decrease in the quality and quantity of spawning gravel [Huntington, 1985]. 
Consequently, the Oregon Department of Fish and Wildlife suggested a follow-up 
study to investigate the degree and severity of spawning habitat degradation 
[Huntington, 1985]. 
This second study [Huntington, 1985] was conducted by Buell and 
Associates, under the direction of the Bonneville Power Administration. The 
results of the study indicated that since the mid 1960s there had been a decrease in 
spawning gravel in the reach of river closest to the Dam Complex. This decline 
was attributed to loss of gravel supplied from upstream of the Dam Complex. The 
effects of the Dam Complex on downstream spawning habitat, however, were 
confounded by the effects of the December 1964 flood. This large flood profoundly 
affected spawning habitat in the lower river, but would probably have had even 
more severe impacts in the absence of the Dam Complex [Huntington, 1985]. The 
Huntington study provides important information about the location of gravel bars 8 
and spawning sites along the lower Deschutes River. Because of the study's heavy 
emphasis on fish, however, other data collected were not relevant to this 
investigation of bedload transport. 9 
2 RESEARCH APPROACH  
2.1 Conceptual Model 
This study is organized around a conceptual model of channel response to 
altered sediment supply and water discharge. The model presents four end-member 
cases in a continuum of possible channel responses to low and high sediment 
supply from tributaries downstream of the dam (y-axis), and to low and high 
frequencies of main channel mobilizing flows below the dam (x-axis) (Figure 2.1, 
based on Grant et al. [1995]). The channel responses predicted by this model are 
based on the assumption that the size distribution of sediment provided by 
tributaries is similar to that found in the bed of the main channel [Grant, personal 
communication]. 
The four end-member cases presented in the model and their associated 
responses to altered sediment supply and water discharge are as follows: In rivers 
where the frequency of channel mobilizing flows and sediment supply are high, the 
channel-bed material is expected to become finer in size and surface armor 
development to be limited (case 1). If mobilizing flows are frequent, but sediment 
contributions from tributaries are low, bed degradation and a well-developed 
armored surface are predicted to result (case 2). Where infrequent mobilizing 
discharges occur and sediment supply is high, a channel will aggrade and bars and 
islands will form and grow (case 3). Finally, where mobilizing flows are infrequent 
and sediment input is low, over time channel-bed compaction might occur (case 4). 
It should be remembered that in reality there exists a continuum of responses, rather 
than just these four end-member cases (Figure 2.1). More than one response is 
likely to occur in different reaches below a dam [Petts, 1979]. Actual responses 
will reflect constraints within the system (e.g., presence of bedrock, pre-existing 
channel morphology). High	  Channel aggradation; island and  Bed fining; channel poorly 
bar formation and development  armored (case 1) 
(case 3) 
Sediment  
supply from  
below-dam  
tributaries  
Gravel compaction (case 4)  Bed scour; incision; bar 
and island erosion; bed 
Low  well-armored (case 2) 
Low  High 
Frequency of main channel mobilizing flows 
Figure 2.1 Conceptual model of channel response to altered sediment supply and water discharge. (Modified from Grant et al. 
[1995]). 
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Review of the literature lends support for the channel responses outlined in 
the conceptual model. One complex example representing cases 2 and 3 is 
discussed here. The Colorado River flowing thorough Grand Canyon National Park 
below Glen Canyon Dam has experienced a decrease in the range of annual peak 
discharges and an increase in the range of daily flows [Schmidt and Graf, 1990]. 
Daily flow fluctuations occur as a result of diurnal patterns of demand for 
electricity generated at Glen Canyon Dam. In addition to altering the natural flow 
of the Colorado River, Glen Canyon Dam traps almost 90 percent of the large loads 
of suspended sediment that used to be carried by the Colorado River through Grand 
Canyon National Park [Schmidt and Graf, 1990]. 
In the 26-km reach between Glen Canyon Dam and the Paria River, the 
Colorado River's transport capacity exceeds the sediment supply despite large 
reductions in both. The result has been channel-bed degradation and armoring 
[Pemberton, 1976]. Downstream of the Paria River, sediment supply is increased 
and, with reduced flows, the Colorado is no longer able to transport all sediment 
supplied to it. Downstream of the Paria River channel-bed aggradation has 
occurred [Howard and Dolan, 1981]. The larger flows responsible for entraining 
channel-bed sand are also the flows that move sand from deposits on the channel 
bed up to deposits along the channel margins. (Many of these channel margin 
deposits are used for camping by boaters). Decreased sand transport in the main 
channel below the Paria River confluence, and subsequent accumulation of sand on 
the channel bed have decreased this supply (from channel-bed) of sand to channel 
margin deposits. In addition to the decrease in sand supplied to these margin 
deposits, Glen Canyon Dam's increase in the range of mean daily flows has had an 
effect on the channel margin deposits. This increase in daily flows has increased 
the ability of the Colorado River to entrain channel-margin deposit sediments 
resulting in a net decrease the size of these deposits over time [Kearsley et al., 
1994]. 
Although this array of observed channel responses is complex, it is 
consistent with the conceptual model (Figure 2.1). Channel-bed degradation and 12 
channel-bed armoring that occur in the reach upstream of Paria River, and channel 
margin deposit erosion throughout the system, are both responses that are consistent 
with the conceptual model's characterization of rivers with a relatively high 
frequency of main channel mobilizing flows compared to sediment supply (case 2). 
Channel-bed aggradation of sand, as is occurring downstream of Paria River, is a 
response consistent with the model's prediction for a river with a low frequency of 
mobilizing flows with respect to sediment supply (case 3). 
From preliminary field observations and previous literature on the 
Deschutes River, I hypothesize that, within this conceptual framework, the 
Deschutes may characterize a stream with low sediment supply and low frequency 
of mobilizing flows (case 4). The results of this and other studies [e.g., McClure, 
1998] represent a test of the validity of this hypothesis. 
2.2 Study Area 
The study area is located in the 27,200 km2 (-10,500 mil) Deschutes River 
basin of north-central Oregon (Figure 2.2). The basin has a continental climate 
with average annual precipitation of around 2,500 mm in the Cascade Mountains 
(mainly snow) and around 250 mm in the valley (rain and snow). About 50% of 
precipitation occurs between November and February and the highest average 
streamflows occur between January and April. Elevations range from around 3,430 
m at Mount Hood to around 50 m where the Deschutes meets the Columbia River. 
Major tributaries of the Deschutes River include the Crooked, Metolius, 
Warm Springs, and White Rivers. The Crooked River originates from the arid, 
sparsely vegetated eastern side of the basin. The remaining rivers originate from 
the wetter, forested, Cascade Mountains to the west. Just downstream of the 
confluence of the Crooked, Metolius, and Deschutes Rivers is Round Butte Dam, 
the beginning of Portland General Electric's Pelton-Round Butte Dam Complex. 13 
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Figure 2.2 The Deschutes River basin. (Modified from Aney et al. [1967]). 14 
This three-dam hydroelectric project, consists of Round Butte Dam (River Mile2 
(RM) 110.4), Pe lton Dam (RM 102.9), and Pe lton Reregulation Dam (RM 100.1). 
Downstream of the Reregulation Dam, the Deschutes River and its tributaries are 
unregulated. 
The study area, referred to as the "lower Deschutes River," consists of the 
161.1 km (100.1 mi) between Pe lton Reregulation Dam and the Columbia River 
(Figure 2.2). The lower Deschutes River has a drainage area of around 6,940 km2 
(2,680 mil) and ranges in elevation from around 425 m at Pe lton Reregulation 
Dam to around 50 m at the confluence of the Deschutes and Columbia Rivers. The 
largest tributaries of the lower Deschutes River include the Warm Springs and 
White Rivers. Shitike Creek is the only other tributary contributing substantial 
streamflow throughout the year. Other smaller tributaries include Dry, Trout, 
Eagle, Nena, Wapinitia, Bakeoven, and Buckhollow Creeks. 
Within the lower Deschutes River is a designated "primary study reach" 
defined as the 21 km (13 mi) between Pe lton Reregulation Dam and Trout Creek 
(RM 87.3) (Figure 2.2). This reach was chosen for more intense study on the 
premise that downstream effects of the Dam Complex on the lower Deschutes 
River would be most pronounced in the reach immediately downstream from the 
Dam Complex [Williams and Wolman, 1984]. All data used in this thesis were 
collected within the primary study reach. 
2.2.1 GEOLOGY 
The geology of the Deschutes River basin is dominated by basaltic and 
basaltic andesite lava flows, other volcanic and volcaniclastic rocks, and fluvially 
reworked deposits of volcanic origin [Smith, 1991]. The Cascade Mountains and 
2 Locations of sites are given in River Miles (RM) to be consistent with previous and on-going 
Deschutes River studies. River Miles are measured starting with 0 at the confluence of the 
Deschutes and Columbia rivers and increasing upstream. 15 
their eastern foothills, that comprise the western half of the basin, are composed 
primarily of thin, relatively young (Pliocene/Pleistocene), open-textured, olivine 
basalt flows [Peck, 1979]. 
The lower Deschutes River valley is composed of three main geologic units: 
the Clarno Formation (Eocene andesite flows and clastic rocks), the John Day 
Formation (Oligocene/early Miocene rhyolite tuffs, tuffaceous sedimentary rocks, 
and flows); and the Columbia River Basalt Group (middle Miocene flood basalt) 
[Peck, 1979; Walker 1980]. 
The primary study reach contains five main geologic units: the John Day 
Formation; the Grand Ronde Basalt of the Columbia River Basalt Group (middle 
Miocene, Prineville chemical type, sparsely phyric to aphyric hyalophitic flows 
locally separated by Simtustus Formation interbeds); the Simtustus Formation 
(middle Miocene, discontinuous tuffaceous sandstone and mudstone enriched in 
pyroclastic constituents); the Deschutes Formation (late Miocene/early Pliocene, 
lithologically diverse assemblage of volcaniclastic sediments, basaltic andesite and 
andesite lava flows, dacitic to rhyodacitic ignimbrites, and pumice-fall deposits); 
and a Pliocene Basalt (Pliocene, diktytaxitic olivine basalt flows) [Smith, 1986; 
Smith, 1991]. These units are overlain in places by Pleistocene and Holocene 
surficial deposits, which consist of gravel and cobble deposits (late Pliocene/early 
Pleistocene, unconsolidated deposits 1  30 m thick), landslide deposits (rotated and 
slumped blocks with slip planes within or near the top of Simtustus and John Day 
formations), terrace deposits (gravel along the Deschutes River), and alluvium 
[Smith, 1986]. 
The Columbia River Basalt Group and Deschutes Formation form the flat 
plateaus, or "rimrock", of the river canyon with the softer Simtustus and John Day 
formations below. Contacts between all units are unconformable with the 
exception of that between the Columbia River Basalt Group and the Simtustus 
Formation; and between the landslide, terrace and alluvial deposits and the 16 
underlying gravel and cobble deposits. For a thorough treatment of the Neogene 
geology in this part of the basin, see Smith [1986]. A geologic time scale can be 
found in Appendix A. 
2.2.2 SEDIMENT SOURCES 
The Deschutes River has received sediment from a variety of sources over a 
wide range of time scales. Relatively distant sources important for supplying 
sediment on a geologic time scale include volcanoes and glaciers located both 
within and outside of the Deschutes River basin. Volcanism and glaciation have 
played an important role in shaping the land surrounding the Deschutes River over 
the last several million years. Miocene and Pliocene pyroclastic volcanism 
associated with construction of the ancestral and modern Cascade Mountains have 
episodically contributed extraordinary volumes of fragmented material to the 
Deschutes River and adjacent fluvial basins mainly via airfall, pyroclastic flows, 
and hyperconcentrated flood flows [Smith, 1991]. Large rotational failures and 
rapid erosion of deposits that might have occurred during or after volcanic activity 
delivered large quantities of material to the Deschutes River via its tributaries. 
Pleistocene meltwater streams from the eastern slopes of the High Cascades 
transported glacial debris downstream to the waters of the Deschutes River. The 
Missoula floods  catastrophic releases of water derived from large glaciers located 
in western Montana -- inundated the lower-most Deschutes River and delivered 
sediment upstream via flood waters and rafted icebergs. 
Local, recent sediment sources to the Deschutes River include canyon-wall 
landslides and sediments moved out of instream storage both within the main 
channel and the tributaries feeding the mainstem Deschutes. Trout Creek (RM 
87.3) and White River (RM 47.0) are responsible for the majority of suspended 
sediment entering the lower Deschutes River [Aney et al., 1967]. Both tributaries 
have relatively variable discharges and are capable of transporting substantial 
quantities of suspended sand and silt to the mainstem Deschutes [Aney et al., 1967]. 17 
Smaller tributaries of the lower Deschutes River such as Bakeoven, Nena, 
Wapinitia, and Buckhollow Creeks are subject to flash flooding following heavy 
rainfall [Aney et al., 1967]. Severe erosion resulting from such events can 
introduce large sediment loads into the mainstem Deschutes [Aney et al., 1967], 
which is, in most cases, capable of entraining the material delivered to it. One 
exceptional event, however, occurred as the result of an early July 1995 storm. A 
flash flood in Mud Springs Canyon (RM 8) introduced a sufficient quantity of 
large material into the Deschutes River to create a new Class 3-4 rapid. 
Shitike Creek and Warm Springs River, the other main tributaries to the 
lower Deschutes River, run relatively clear compared to Trout Creek and White 
River [Aney et al., 1967]. Both streams, however, are capable of introducing gravel 
and cobbles during high discharge events, as was demonstrated during the flood of 
February 1996. Because of the current quiescence in geologic activity and because 
upstream gravel input is blocked by the Dam Complex, Shitike Creek and Warm 
Springs River may now represent the primary sources of gravel- and cobble-size 
material to the mainstem lower Deschutes River. Shitike Creek is the only 
tributary of significance in the primary study reach. 
2.2.3 GEOMORPHOLOGY OF THE LOWER DESCHUTES RIVER 
The lower Deschutes River is deeply incised into the volcanic and 
sedimentary formations that surround it. The character of the river reflects the local 
geology. Where the Deschutes flows through resistant formations, (e.g., Columbia 
River Basalt Group), the river has carved a narrow gorge 100  600 meters deep 
[Aney et al., 1967]. In these reaches the river is confined and floodplains have not 
developed. Talus slopes connect the steep canyon walls with the river, though in 
some areas vertical canyon walls drop straight down into the water. Where the 
river encounters softer formations, (e.g., John Day), the valley is relatively wide and 18 
there is limited floodplain development (e.g., Mecca Flat). The width of the lower 
Deschutes River ranges from 10  170 meters, with an average of 70 meters [Aney 
et al., 1967]. 
The Deschutes has a relatively uniform channel gradient (ranging from 
around 0.0015 to 0.0045 in the primary study reach) with exceptions including 
Sherars Falls (RM 45), a nearly vertical drop of 4.6 meters, and Whitehorse Rapids 
(RM 76.2), a drop of around 10 m in 1.6 km [Aney et al., 1967]. Bed-material sizes 
range from silts to boulders with the majority of particles being gravel and cobbles. 
Vegetated islands and subaqueous bars are common, especially in association with 
tributary fans and channel-margin expansions and constrictions. Subaerial bars are 
rare. 
For most of its length, the lower Deschutes River runs relatively straight, 
having only low to moderate sinuosity. In some reaches, where a meander and 
bedrock coincide, deeply incised meanders occur (e.g., Beaver Tail). Point bars are 
relatively scarce. Roughness elements consist, for the most part, of the gravel, 
cobbles, and boulders that comprise the channel bed (i.e., skin resistance). Bed 
forms and large woody debris are relatively uncommon, however, biogenic dunes 
formed by spawning fish and composed of former or current redds (i.e., spawning 
dunes) do exist in a few locations. Because the Deschutes is wide in comparison to 
the length of woody debris, toppled trees that find their way into the river play only 
a minor role in local flow hydraulics and channel morphology. 
2.2.4 VEGETATION 
The higher elevations of the Deschutes River basin are covered by conifer 
forests. Historically dominated by ponderosa pine (Pinus ponderosa) with a shrub 
understory and grassy meadows, these areas today support predominantly fir 
(Psuedotsuga menziesii) as a result of timber harvesting and fire suppression efforts 
[Nehlsen, 1995]. Lower elevation lands were covered in bunchgrass, but by the late 
I 800's overgrazing had virtually eliminated native grasses, encouraging the 19 
establishment of sagebrush (Artemesia spp.) and juniper (Juniperus occidentalis) 
[Nehlsen, 1995]. Lower elevation perennial rivers are bordered by native riparian 
species such as alder (Alnus rhombiofolia) and willow (Salix spp.) as well as 
sedges, rushes, and perennial grasses [Nehlsen, 1995]. 
2.2.5 STREAMFLOW 
The present-day Deschutes River is well known for its extraordinarily stable 
discharge, having more uniformity of flow than any other river of its size in the 
United States [Henshaw et al., 1914]. Much of this stability is due to the highly 
fractured basalt the comprises the headwaters of the river. Water from precipitation 
filters through the basalt and emerges as springs, which help offset summer low 
flows. 
Streamflow for the Deschutes River and some of its tributaries have been 
monitored by the United States Geological Survey (USGS) through its network of 
gaging stations. Two active gages exist on the main stem of the lower Deschutes 
River. The first, station 14092500 (Deschutes River near Madras, Oregon), is 
located at RM 100.1 just downstream from the current site of Pelton Reregulation 
Dam. The second, station 14103000 (Deschutes River at Moody near Biggs, 
Oregon), is located at RM 1.4 near the confluence of the Deschutes and Columbia 
Rivers. Stream gage and streamflow characteristics of the Deschutes River are 
shown in Table 2.1. 
2.2.6 FISH 
The Deschutes River is home to a variety of fish, but is most famous for its 
wild stocks of summer steelhead trout (Oncorhynchus mykiss), resident rainbow 
trout (0. mykiss), and fall chinook salmon (0. tschawytscha) [Huntington, 1985]. 
Historically, anadromous fish were found throughout much of the Deschutes River Table 2.1 Stream gage and streamflow characteristics of the lower Deschutes River. 
I  Madras_gage 
I  Moody gage  I  Reference 
Stream gage characteristics 
Period of Record  October 1923  present  October 1897 - December 1899  Hubbard et al. [1997] 
(published as "near Moro"), 
July 1906 present 
Drainage Area km2 (mi2)  20,274 (7,820)  27, 195 (10,500)  Hubbard et al. [1997] 
Streamflow characteristics m3/s (ft3/s) 
Mean Annual Flows 
Range  101-174 (3,560-6,150)  121-209 (4,290-7,380)  USGS [1997 b, c] 
Average  128 (4,517)  163 (5,739)  USGS [1997 b, c] 
Maximum Recorded Flows a  637 (22,500) b  1,991 (70,300) '  Hubbard et al. [1997] 
Largest Flood Peaks d 
February 8, 1996 
Instantaneous flow  541 (19,100)  1,991 (70,300)  Hubbard et al. [1997] 
Mean daily flow  504 (17,800)  1,821 (64,300)  Hubbard et al. [1997] 
December 1964  December 28, 1964  December 22, 1964  USGS. [1965] 
Instantaneous flow  447 (15,800)  1,906 (67,300)  USGS. [1965], 
Hubbard et al. [1997] 
Mean daily flow  428 (15,100)  1,767 (62,400) e  USGS. [1965] 
Minimum Recorded Flows  26 (916) f  68 (2,400) g  Hubbard et al. [1997] Table 2.1 (Continued) 
a Maximum instantaneous flow regardless of whether due to storm event or anthropogenic causes. 
h Occurred on July, 16, 1983, as the result of an accidental release from Pe lton Dam [Hubbard et al., 1997]. Although the 
instantaneous discharge on this day was of record proportions, the mean daily discharge value was not noticeably affected by the 
relatively large accidental discharge release. 
Occurred on February, 8, 1996 [Hubbard et al., 1997] due to a rain-on-snow event. 
d Maximum instantaneous and mean daily flows resulting from storm events.  
e Occurred on December 23, 1964 [USGS, 1965].  
f Occurred on July, 4, 1982, due to power company testing control gates on dam [Hubbard et al., 1997].  
g Occurred on December, 5, 1957 [Hubbard et al., 1997].  22 
basin, with spawning concentrated in the upper Deschutes tributaries (Squaw 
Creek, Metolius River, and Crooked River) although some spawning did occur in 
the upper mainstem [Nehlsen, 1995]. 
In 1964, PGE completed construction of their Pelton-Round Butte Dam 
Complex, which included a 3-mile long fish ladder and tramway system 
[Huntington, 1985]. No means were ever developed to aid the downstream 
migration of juvenile fish through Round Butte Reservoir [Huntington, 1985]. By 
1968, PGE had abandoned hope for passage of anadromous fish past these 
structures [Nehlsen, 1995]. Thus, upstream migration of spawning salmonids was 
effectively blocked at RM 100. In an attempt to compensate for losses of wild fish 
in the upper basin, PGE has financed a mitigation hatchery at Round Butte. Fish in 
this region are important for sport, commercial, and Native American subsistence 
fishing. 
2.2.7 RIVER REGULATION 
Major water storage developments began to appear in the Deschutes River 
basin around 1920, with a later stage of construction occurring from around 1940 to 
1964. The last major dam built in the basin was Round Butte Dam, completed in 
1964. Its reservoir, Lake Billy Chinook, holds around 44% of all water stored in 
the basin. Substantial quantities of water are diverted from the Deschutes River 
upstream from Bend (and upstream of the Dam Complex). Approximately 55-75% 
of the annual discharge recorded at the USGS gaging station 14064500 (Deschutes 
River at Benham Falls near Bend) is diverted for irrigation, with as much as 94% of 
the monthly streamflow being diverted at the height of the irrigation season. 
Major water storage projects, their dates of construction, storage 
characteristics, and drainage areas are shown in Table 2.2. The location of 
structures is shown in Figure 2.2 and water projects in the Deschutes basin are 
listed in Appendix B. Table 2.2 Construction period, storage, and drainage area of major water storage projects in the Deschutes River basin. For dams 
with more than one period of construction, the original construction period is designated by (o), and rebuilding, repair, or other 
modifications by (r). Dates preceeded by a - did not specify type of construction (e.g., original vs. rebuilding). Total storage values 
used in the cumulative storage calculation are itallicized. 
Project (Reservoir)  River  Construction Period  Total Storage  Active Storage  Cumulative  Drainage 
(m3)  (m3)  Storage (m3)  Area (km2) 
a, b  0.59  108  a, b Ochoco (Ochoco)  Ochoco  o: 1918 - 1920	  0.57 x 108  a' h  0.59 x 108  754  b 
Creek  1945 
C  0.33 x 108  e	  746  e 
r:  1949  1950  a' h  0.65 x 108  d 
Crane Prairie  Deschutes  o: 1922  1925 (?)  e  0.68 x 108  c' e'  0.66 x 108  e  1.27 x 108  658  e. e 
(Crane Prairie)  r:  1939 - 1940  f  1.03 x 108  1 
c d	  d  - 1940 
r:  1943  1947  e 
Crescent Lake	  Crescent  o: 1922  g'e  1.13 x 108  f  1.06 x 108  g  2.40 x 108  117  g 
Creek  r: 1936  g  1.07 x 108  e' d  1.07 x 108  c  148  ` 
r:  1955  1956  g' e 
- 1956 
d 
Wickiup  Deschutes  1939  1949  f  2.55 x 108  e  2.47 x 108  1  4.87 x 108  655  d 
(Wickiup)  1940 
C  2.47 x 108  d' 1  1,036  f 
Pelton (Lake  Deschutes  8/56 - 5/58 
h  0.38 x 108  h  0.046 x 108  h  5.25 x 108  ?19,948  e 
Simtustus)  1957  e' d  0.41 x 108  e  0.051 x 108  c 
0.46 x 108  d  
Pelton  Deschutes  7/12/56  11/15/57  h  0.043 x 108  h  0.031 x 108  h  5.29 x 108  20,254  
Reregulation  1958 
d  0.040 x 108  d  
i Table 2.2 (Continued) 
Project (Reservoir)  River  Construction Period  Total Storage  Active Storage  Cumulative  Drainage 
(m3)  (m3)  Storage  Area (km2) 
(m3) 
Arthur R. Bowman 
(Prineville) 
Crooked  o: 1958 - 1961 
1961 
i' b 
c, d 
1.91 x 108 
1.97 x 108 
j' b
' 
1.89 x 108  i' h  7.20 x 108  7,278 
6,993 
b 
c 
r: 1966 - 1970  b  2.89 x 108  d 
Round Butte (Lake 
Billy Chinook) 
Deschutes  6/7/62 - 12/26/64  h  5.61 x 108 
6.60 x 108 
h 
l'` 
2.99 x 108 
3.38 x 108 
h 
l' c 
12.81 x 108  19,425 
19,114 
i 
' 
a Army Corps of Engineers [1959?] 
b U.S. Department of the Interior Bureau of Reclamation [1966] 
c Johnson [1985] 
d Northwest Power Planning Council [1986] Values given under total storage are maximum capacity 
e Gorman [personal communication] Original dam had around the same storage capacity as listed. The dam was rebuilt from 1943 
- 1947 improving its structural support. This may refer to the same rebuild that other references cite as occurring in 1940. The 
hydrologic drainage boundary is uncertain due to inter-basin groundwater exchange. 
f U.S. Department of the Interior Water and Power Resources Service  [1981] 
g Cartwright [personal communication] Rebuilding due to structural problems: 1936 rebuild unsuccessful. Between 1936 and 
1955, due to continuing structural problems, maximum capacity (?) was 4.45x x106 m3. Storage values are for post-1956. 
h Portland General Electric [1996] Normally utilized storage for Round Butte Reservoir is 0.62 x 108 m3 [Lewis, personal 
communication] 
Hubbard et al. [1994] 
Army Corps of Engineers [1961] 25 
2.3 Study Design 
Dams interrupt the movement of water and sediment to downstream 
reaches. Because nearly all sediment from upstream is blocked by the dam, 
sediment sources in downstream reaches are limited to the channel bed and banks, 
and to tributaries. Depending on the nature of discharge alteration caused by a dam, 
sediment transport below the dam may increase, decrease, or show no significant 
change [Williams and Wolman, 1984]. It is possible that all three of these changes 
may occur in different reaches of river downstream from the dam [Petts, 1979]. 
To determine the frequency and magnitude of bedload transport in the lower 
Deschutes River, this study was designed with four main components: 
1) Hydraulic analysis 
2) Bed load transport analysis 
3) Historical streamflow analysis 
4) Combined hydraulic, bedload transport, and historical streamflow 
analyses 
The hydraulic analysis combined field measurements of channel hydraulics, 
geometry, and particle size distribution with a one-dimensional hydraulic model to 
determine the discharge required to move channel-bed material at selected sites 
within the primary study reach. Although no field measurements of bedload were 
made, a large flood that occurred during the course of this study provided a test of 
the validity of the predicted critical discharges. The bedload transport analysis 
combined field measurements with a bedload transport model to predict a relation 
between water discharge and sediment discharge. The historical streamflow 
analysis involved examining long-term (72 years) U.S. Geological Survey (USGS) 
streamflow records to provide a context for post-dam flows with respect to the 
overall streamflow record. The combined analysis brought together the results of 
the other three analyses to determine the frequency of bed-mobilizing flows and the 26 
amount of bedload carried by these flows over the period of record. In addition to 
the examination of long-term bedload transport, daily bedload transport for all post-
dam transport events were analyzed to evaluate the influence of the Dam Complex 
on downstream transport. 
The four components of this study are described in detail in Chapter 3, 
together with supporting analytical and evaluation methodology. 27 
3 METHODS  
3.1 Study Sites and Site Selection 
Ten study sites representing three hydraulic environments were selected in 
the primary study reach (Figure 3.1, sites labeled A through J). These sites were 
chosen based on the premise that gravel is eroded, transported, and deposited 
differently in different hydraulic environments [Howard and Dolan, 1981; Schmidt 
and Graf, 1990]. An understanding of bed material movement through different 
hydraulic environments would provide insight into how gravel is routed through the 
system (i.e., where gravel is most likely to be eroded and deposited). 
Three hydraulic environments are characteristic of the lower Deschutes 
River: straight zones, contraction zones, and expansion zones. Straight zones are 
reaches where the channel banks are roughly parallel (Figure 3.2 a). Contraction 
zones are those over which the channel narrows abruptly downstream (Figure 3.2 
b). Expansion zones are reaches over which the channel widens abruptly 
downstream (Figure 3.2 c). In the Deschutes River, contraction and expansion 
zones are often the result of tributary alluvial fans constricting the main river 
channel (e.g., Figure 3.2 b). 
Constriction of streamflow created by a fan can cause backwater effects 
upstream of the fan and flow separation and recirculation zones (or eddies) 
downstream of the fan (Figure 3.3 a) [Schmidt and Graf, 1990]. Such hydraulic 
conditions are commonly associated with tributary fans and are found often on 
rivers such as the Colorado River. If a river, like the Colorado, carries abundant 
sediment, deposits can form in quiet-water areas associated with tributary fans. 
Downstream of fans, separation and reattachment deposits are associated with flow 
separation and recirculation zones; upstream of fans upper-pool deposits are 
associated with backwater (Figure 3.3 b) [Schmidt and Graf, 1990]. 28 
Straight-zone sites: B, D, H  Trout Creek 
Contraction-zone sites: C, F, G, I 
Expansion-zone sites: A, E, I, J 
0  2  J (RM 89.5) 
km 
I (RM 90.2) 
H (RM 90.4) 
G (RM 92.5) 
F (RM 93.0) 
Dry Creek  11 E (RM 94.0) 
D (RM 96.1) 
Hwy 26 Bridge 
Shitike Creek 
C (RM 97.8) 
B (RM 98.0) 
A (RM 99.0) 
Pelton Reregulation Dam 
Lake Simtusus 
Figure 3.1 Primary study reach and study sites A through J. Distance of each 
site from the mouth of the Deschutes River (in River Miles) noted in 
parentheses. (Base map from Appel [1986].) 29 
(a) Straight zone  (b) Contraction zone 
0  m 40 
(c) Expansion zone 
Figure 3.2 Three hydraulic environments found on the lower Deschutes River: 
(a) straight zones, (b) contraction zones, and (c) expansion zones. 30 
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Figure 3.3 Flow patterns (a), and sediment deposits (b) typical on the Colorado 
River as a result of tributary debris fans constricting the main channel. (Modified 
from Schmidt and Graf [1990]). 31 
During flow events that move the channel bed, the Deschutes River deposits gravel 
in locations similar to those found on the Colorado River in association with 
tributary alluvial fans (Figure 3.4). 
To investigate the magnitude and rate of bedload transport in a hydraulically 
variable system such as the Deschutes River, the selected field sites collectively 
include each of the three hydraulic environments outlined above. The research 
presented here focuses on the hydraulically simplest case represented by the 
straight-zone sites. The hydraulically more complex cases, represented by the 
contraction- and expansion-zone sites, will be addressed in future work. However, 
because field data were collected for all ten sites, the data collection methodology 
associated with all three hydraulic environments is described here. 
3.2 Site Selection Criteria 
Ten sites in the primary study reach were chosen by using geomorphic and 
logistic selection criteria. A preliminary group of sites were selected by visual 
inspection of infrared aerial photographs (1:2000 scale) taken in 1995. From these, 
final sites were selected by using field reconnaissance and the following selection 
criteria: (1) no anthropogenic alteration of streambanks (e.g., banks artificially 
straightened during railroad construction) or exogenous morphologic constraints 
complicating the hydraulics (e.g., river bends); (2) presence of bars or islands where 
streambed particle sizes representative of size ranges found throughout the reach 
can be safely measured; and (3) for contraction- and expansion-zone sites, abrupt 
expansions or contractions (an increase or decrease in channel width of two to three 
times over 50 60 meters of channel length). Site locations were chosen to allow 
field work at several sites within one day. Where possible, sites were chosen to 
include bars and islands used in the Deschutes River Geomorphology Study 
channel bed textural analysis [McClure, 1998]. Approximately equal numbers of 0  40 
road road  0  vegetation vegetation  ED building '=:) island c2:72. island ^ tributary  subaqueous bar 
Figure 3.4 Examples of (a) an upper-pool deposit and (b) a separation deposit and reattachment or expansion zone deposit 
in the primary study reach of the Deschutes River. 33 
each of the three hydraulic environments were selected. Not all of the selection 
criteria were met for every site. Copies of the aerial photographs for each of the ten 
sites are shown in Appendix C. 
3.3 Hydraulic Analysis 
3.3.1 DATA COLLECTION 
3.3.1.1 1995 Field Season 
From July 20 to September 11, 1995, study sites were selected and cross 
sections and channel-bed particle size distributions were measured. Cross sections 
were measured along four to seven transects per site, for a total of 52 transects. The 
number of transects per site was based upon each site's morphologic complexity. 
Four transects were established at straight-zone sites and seven transects were used 
for combination contraction/expansion-zone sites. Transects were placed upstream, 
through, and downstream of hydraulically important features (e.g., channel 
expansions). Plan-view maps showing location of transects are in Appendix C. 
The majority of cross-section data were collected with an Acoustic Doppler 
Current Profiler (ADCP) mounted on a jet boat and operated by USGS personnel. 
The ADCP3 emits an acoustic signal that is reflected off the channel bed back to a 
receiver, thereby measuring depth at a point. Signals are emitted at regular 
intervals, (averaging 3.5 seconds), allowing for sampling of the entire cross-
sectional profile as the boat moves along a transect. The jet boat traveled across 
the width of the river four times at each transect to increase measurement precision. 
The ADCP measurements4 were made during September 5  8, 1995, at a discharge 
of 98 m3/s (3,460 ft3/s) at the Madras gage just downstream from the Pelton 
3 The reader is referred to RD Instruments [1989] for a description of the theory behind ADCP  
operation.  
4 PGE enabled discharge to be held constant during the four days of ADCP measurements .  34 
Reregulation Dam. Flow velocities in large portions of Sites F (RM 93.1) and J 
(RM 89.4) were too large to obtain cross-sectional profile measurements with the 
ADCP. At large water velocities, the concave head configuration of the ADCP 
allows an air pocket to form around the transducer head and prevents data from 
being collected. Consequently, Sites F and J were eliminated from further 
consideration. 
Where the water was too shallow for the jet boat (less than about 0.5 m), 
elevations were surveyed by using a total-station instrument, and a prism mounted 
on top of a stadia rod. In addition, elevations of the channel banks were measured 
using the total-station system to provide data for hydraulic modeling at stages 
greater than bankfull. 
Particle size data were collected from shallow subaqueous bars and island 
margins by using a modified Wolman pebble-count technique [Wolman, 1954] (see 
Appendix C for sampling locations). The "Wolman count" provides a relatively 
fast means by which to determine channel-bed surface particle size distributions. 
The Wolman count is a grid-by-number method that has been shown to produce an 
equivalent size distribution to that determined with customary bulk sieve analysis 
[Kellerhals and Bray, 1971; Church et al., 1987; Dip las and Sutherland 1988; 
Dip las, 1989]. 
At the point to be sampled, I selected particles while looking away from the 
channel bed. This method is used to avoid visual bias and promote randomness in 
the selection of each particle [Wolman, 1954]. Particle intermediate (or b) axes 
were measured to the nearest 1 mm with calipers or to the nearest 5 mm with a 
ruler. A ruler had to be used for particles with dimensions greater than 400 mm. 
Sampling and measurement were conducted exclusively by me to reduce bias 
introduced by multiple workers [Marcus et al., 1995]. 
Particles were sampled every 60 cm along a tape measure. The tape was 
placed approximately parallel to streamflow in a location as far out into the main 
flow as possible. Because of the large water depths and velocities, the channel bed 
could not be safely sampled near the thalweg. Measuring particle sizes solely in the 35 
shallowest areas would be biased, so a transect along the channel rather than a grid 
pattern near the bank was used to obtain as representative a sample as possible. 
The total length of streambed sampled per site depended on the size of the 
shoal, flow conditions (velocity and depth), and time. Additional measurements 
were made of particle geometry and orientation for future testing of an alternative 
sediment transport model (TOOLBOX, Nelson et al. [1991]; Nelson [1993]). 
Descriptive figures of these measurements are shown in Appendix D. 
3.3.1.2 1996 Field Season 
On February 8, 1996, the Deschutes River experienced its flood of record 
(at Moody), with instantaneous discharges of 541 m3/s (19,100 ft3/s) at Madras and 
1,991 m3/s (70,300 ft3/s) at Moody [Hubbard et al., 1997]. This flood provided a 
unique opportunity to examine how the Deschutes River behaves during an 
unusually high flow event. 
In April 1996, all study sites were revisited to mark the high water line of 
the February flood along each transect. Flood water-surface elevations were 
determined by debris lines or debris caught in vegetation. Debris caught in 
vegetation susceptible to bending under the force of flood waters was discounted 
unless no other water surface elevation evidence were available. 
During August 1996, the primary study reach was revisited to evaluate 
channel changes. A general inspection was conducted of the previous year's study 
sites during which erosion and deposition of sediment and disturbances to 
vegetation were noted. The particle size distribution of flood deposits both within 
and outside of 1995 study sites were characterized by conducting random-walk 
Wolman pebble counts over the entire accessible deposit surface to provide data for 
possible future use. At this time, the high-water line marked in April was tied into 
1995 survey points using a stadia rod and hand level. 36 
3.3.2 DATA ANALYSIS  
To calculate various hydraulic parameters over a range of discharges and 
determine the threshold transport conditions at the study sites, I used the US Army 
Corps of Engineers one-dimensional hydraulic model HEC-RAS (Hydrologic 
Engineering Center River Analysis System). HEC-RAS is an updated version of 
the widely-used [e.g., O'Connor, 1993; Wilcock et al., 1995] step-backwater curve 
model HEC-2. HEC-RAS uses the principles of conservation of mass and energy 
to calculate water surface profiles for steady, gradually varied flow. Water surface 
elevation (WSE) and other hydraulic parameters are computed for a series of cross 
sections by the iterative solution of the energy equation in a procedure called the 
Standard Step Method. Friction losses are evaluated by using the Manning 
equation. A detailed explanation of the theory behind step backwater calculations 
is provided in the HEC-RAS Hydraulic Reference Manual [U.S. Army Corps of 
Engineers, 1995a] and User's Manual [U.S. Army Corps of Engineers, 1995b]. 
3.3.2.1 Data Preparation 
HEC-RAS requires input of hydraulic and geomorphic data, including 
channel cross sections, Manning's n, reach length, energy slope, discharge, and 
expansion or contraction coefficients. 
Channel cross sections were constructed from total-station survey and 
ADCP data by using the three-dimensional plotting program SURFER. For each 
site, east (x), north (y), and elevation (z) coordinates were entered into SURFER to 
form a three dimensional grid of the study site. The "slice" function within 
SURFER was then used to construct a cross section along a straight line. Due to 
currents in the river, the ADCP shiptrack was deflected in places, making a 
straight-line cross-section impossible to obtain solely using the raw data points. 37 
The "slice" function interpolates elevation at each non-data grid point that the 
transect intersects. The theory and mathematics used by the "slice" function can be 
found in Keck ler [1994]. 
A first approximation of Manning's n values was made by back-calculating 
n using the Manning equation (metric units) 
Q 
(AR 20s,.'12) 
(1) 
n  
where Q is discharge, A is cross-sectional area of flow, R is hydraulic radius, Se is 
energy slope, and n is Manning's roughness coefficient. 
Discharges for 1995 and 1996 were estimated by using mean daily flow data 
from USGS gage stations 14092500 (Deschutes River near Madras, Oregon) and 
14092885 (Shitike Creek below Wolford Canyon near Warm Springs, Oregon) 
[USGS, 1996]. Discharges for 1995 were determined for the day(s) that hand 
surveys were conducted at each site. For 1996, mean daily flow data for the day of 
highest flow (February 8) was used. 
Cross-sectional area was calculated by summing incremental areas based on 
incremental widths and local depths. Trapezoids (based on "edge" depths) rather 
than rectangles (based on mean depths for increments) were used to increase the 
accuracy of the calculation. Wetted perimeter was determined by summing the 
lengths of the wetted boundaries for each increment of the cross section (standard 
calculation for the length of a line). The hydraulic radius (R) was then determined 
as the ratio of area to wetted perimeter. 
To determine energy slope for a site, a regression line was fitted through the 
water surface elevation measurements for the river right (RR) and river left (RL) 
banks. Average velocity at a transect, V, was calculated from the relation V = Q/A. 
The average velocity head for each transect (equal to V2/2g, where g is gravitational 
acceleration) was then calculated and added to the transect WSE (determined from 38 
the regression line). These points (WSE + V2 /2 g), which I call "energy grade line 
points," were plotted with distance downstream. The slope of the regression line 
through the energy grade line points is the energy slope for the site. 
Reach length, which for HEC-RAS is the distance between adjacent 
transects, was determined from aerial photographs (1:2000) with transects marked 
on mylar overlays. Contraction and expansion coefficients were not applicable for 
the three straight-zone sites and were set equal to zero in HEC-RAS. An example 
of the calculations necessary to determine the parameters used in HEC-RAS is 
shown in Appendix E. 
3.3.2.2 Model Calibration 
HEC-RAS was calibrated by using low-flow and high-flow stage-discharge 
information from September 1995 and February 1996, respectively (Q = 96-105 
m3/s and Q = 510 at the Madras gage). Manning's n values for these two flow 
events were calibrated by comparing known water surface elevations with those 
calculated by HEC-RAS. A best-fit match between the predicted and observed 
WSE values was obtained by adjusting Manning's n from the originally back-
calculated value (Equation 1). 
3.3.2.3 Intermediate Discharges 
After calibrating the model for known low-flow and high-flow conditions, 
the model was run for unknown intermediate conditions for discharge values of Q = 
100, 200, 300, 400, and 500 m3/s. Manning's n and energy slope values for each of 
the intermediate discharge model runs were estimated by using linear interpolation 
between those known for low-flow and high-flow conditions. 39 
3.3.2.4 Determining Critical Shear Stress and Critical Discharge 
Critical shear stress (the shear stress required to entrain channel-bed 
material) and critical discharge (the streamflow producing threshold transport 
conditions) were determined by using the following method. For each study site, a 
rating curve of discharge vs. shear stress was constructed using transect-averaged 
channel bed shear stress values. Shear stress was calculated using hydraulic mean 
depth values obtained from HEC-RAS and the relation 
= 7fi/Se  (2) 
where i is shear stress, yf is the specific weight of the fluid (water), and d is 
hydraulic mean depth (d = A/7' where T is top width). The critical shear stress, To-, 
for each study site was determined from the relation [Shields, 1936] 
Ter 
T cr.50s  (3) 
Ps  Pf )gD5os 
where r* cr50c is the dimensionless critical shear stress for median diameter of 
channel-bed surface, pc is the density of the sediment, pf is the density of the fluid 
(water), and Dsoc is the channel-bed surface particle diameter for which 50% of the 
sample is finer. For particles coarser than sand, r*cr is considered a constant, 
although there is no consensus among researchers as to its value. A value of 1-*cr5Os 
= 0.047 was chosen for this study. This value, also proposed by Meyer-Peter and 
Mueller [1948] and used by many investigations, falls between 0.052 and 0.030 
hypothesized for reference- and visual-based studies in gravel-bed rivers, 
respectively [Buffington and Montgomery, 1997]. Reference-based studies, (e.g., 
Parker et al. [1982]), define tcy based on some low reference transport rate 40 
extrapolated from bedload transport measurements. Visual-based studies, (e.g., 
Wilcock et al. [1995]), define 'rt., via visual observation of initiation of grain 
motion. 
Sediment density values used with Equation 3 were determined by first 
calculating specific gravity of the sediment (sgs) based on the application of 
Newton's second law (F = ma) to particles weighed in air and submerged in water. 
One form of this relation is [Klingeman, 1997]: 
Wr 
sg  (4) 
(14/r 1) 
where W,. is the weight ratio (Wr = W ./147water, where Wair is the dry weight of a 
particle and Wwwer is the submerged weight of a particle). Particles weights were 
measured to the nearest 0.1 gram using a balance. Dry weights were measured by 
placing a particle directly on the balance. Submerged particle weights were 
measured with the particle placed in a submerged mesh basket hanging below but 
attached to the balance. The balance was "zeroed" to remove the weight of the 
basket prior to every measurement. The average particle specific gravity was 
determined to be 2.74 based on a sampling of 81 particles (standard deviation = 
0.10). 
The average water temperature of the Deschutes River during 1984 - 1994 
was 10°C as measured upstream of Shitike Creek [Hamel, personal 
communication]. The water density (pi) at 10°C is 1000 kg/m3 [Yang, 1996]. 
Particle density (pc) was calculated from the relation 
sg., = 
Ps  or  ps=sgx pi  (5)
Pi 
to be 2740 kg/m3. 41 
The DSOs values used in Equation 3 were determined at each site from the 
summer 1995 field data. The assumption was made that the particles collected at 
that time were representative for the entire site. 
A range of critical discharges was determined for each site by 
superimposing the critical shear stress (rcr) for the site on a rating curve of Q vs. 2 
for the site (Figure 3.5). The point where the two curves intersect identifies the 
critical discharge. Because particle sizes could only be measured in a relatively 
limited area at a site, it was not possible to separately determine critical discharges 
for each transect at a site. A single critical discharge per site was, therefore, 
determined. This was done by using an averaged Q vs. 2 curve for the site instead 
of separate curves for each transect (Figure 3.5). 
The critical discharge calculated at Site B is represented by discharges 
recorded just upstream at the Madras gage. Because Sites D and H are located 
downstream of the Shitike Creek confluence, the critical discharges calculated for 
these two sites are not represented by Madras gage discharges. Rather, the 
calculated critical discharges at these two sites equal the combined flows from the 
Deschutes River, as recorded at Madras, and Shitike Creek. To estimate the 
discharge values upstream at the Madras gage that correspond to critical discharges 
for Sites D and H, the estimated discharge from Shitike Creek was subtracted from 
calculated critical discharge values at the sites. 
Determining Shitike Creek discharge during Deschutes mainstem critical 
discharges, however, was problematic. Shitike Creek has been gaged neither 
consistently nor for an extended time period. A rough estimate of Shitike Creek 
flows during near-critical discharge floods on the Deschutes River, therefore, was 
based on Shitike Creek gage station data from 1992  1996 [USGS, 1996]. Low 
critical  Low  likeh  fin3./  discharge  
. rS Example shear stress vs. disc  sd hc arm.  the 'large rating  6.'`' was deter  ofintersect ion or eterThilled f Critical the  arid r crit curves. The averape  vs. r curve tr, rvas used , Ica] d,.  , - Lc)produe_  ge cit from  .scoarge. 43 
3.3.3 SOURCES OF ERROR  
3.3.3.1 Data Collection Errors 
Data collection errors were associated with the ADCP measurements, total 
station surveys, high water line estimation, and particle size measurements. The 
ADCP is unable to make measurements in "block-out" areas at the top and bottom 
of the water column. Block-out areas occur near the water surface due to 
transducer draft and transmitter blanking distance [Gordon and Bornhoft, 1991; 
Simpson and Oltmann, 1992]. Block-out occurs near the bed of the river due to 
side-lobe interference [Gordon and Bornhoft, 1991; Simpson and Oltmann, 1992]. 
Draft errors were minimized by adding the transducer depth to the depth of each 
ensemble measurement. There was also an installation error: the ADCP transducer 
was mounted 180 degrees out of rotation (the transducer was a borrowed unit with a 
head configuration unfamiliar to the operators). Magnetic declination was also 
programmed with the incorrect sign. The incorrect mounting and magnetic 
declination errors were corrected for, respectively, by mathematical rotation of all 
data points into proper alignment and with software correction capabilities. 
Total-station survey errors are associated, for the most part, with the stadia 
rod and mounted prism. The stadia rod may not have always been held vertically, 
especially for measurements made in swift river currents. The top of the rod, 
weighted by the prism, did not stand entirely vertical when the rod was extended to 
its full length of 7.6 m (25 ft). Both of these errors would result in underestimation 
of elevation. In the case of vertical streambanks, the choice of stadia rod placement 
for edge of water measurements did not always indicate water surface elevation. 
Instead, measurements were taken at the top of the bank and immediately below on 
the channel bed. Survey measurements at a site were not always completed in a 
single day. Consequently, some transect measurements within a site were made at 
slightly different discharges. Also, two different survey crews were responsible for 
surveying to complete the work during the allotted time period. This may have 44 
resulted in some inconsistencies in method between the crews (e.g., whether large 
woody debris was surveyed in as part of a cross-section or was ignored). 
Estimation of the high-water line of the February 1996 flood was subject to 
errors that are associated with making measurements based on evidence of the 
water surface rather than of the actual water surface. Overestimation of water-
surface elevations may have occurred when using debris caught in vegetation as 
evidence. Pliable vegetation can be bent down under the force of water, trap debris, 
and then spring back up once the flood waters have receded. Conversely, flood 
debris caught in vegetation may drop down to a lower elevation after the flood 
waters have gone, resulting in underestimation of WSEs. Without the aid of a 
level, estimating the intersection of the flood-water surface with the ground based 
on debris caught in vegetation may also have resulted in error. 
The Wolman pebble count technique introduces several sources of error. 
One comes from the accuracy and precision to which particle size can be measured 
[Marcus et al., 1995]. Errors can be introduced from (1) misidentifying particle 
intermediate axes, (2) serial correlation between particles in a sample, (3) trying to 
measure a three-dimensional object with a two-dimensional measuring device, and 
(4) not obtaining a representative sample of the channel bed. 
To minimize the first type of error, all sampled particles were completely 
exposed so I could correctly identify the particle's intermediate axis. Partially 
exposed particles were excavated from the channel bed. To avoid serial correlation 
in the sample, particles were chosen at intervals of about eight times the length of 
the mean particle diameter [Church et al., 1987]. To minimize the third type of 
error, calipers were used to maximize the accuracy of measuring intermediate axes 
and the precision with which the measurements were made. Particles with 
intermediate axes that were difficult to determine could be rotated while in the vise 
of the calipers until the proper dimension was found. 
Avoiding errors of sample representativeness was hindered by time and 
field conditions. Errors in sample representativeness come from having too small a 
sample size, preferentially selecting larger or smaller particles, and extrapolating 45 
measurements to parts of the bed not sampled. The exact number of particles 
needed to avoid misrepresentation due to too small of a sample size is not agreed 
upon [Church et al., 1987]. Wolman [1954] recommends a 100-particle sample 
while other workers suggest that 40 [Hey and Thorne, 1983] or 50 [Bray, 1972] 
particles may be sufficient. Because of limited time, samples were not equivalent 
in size for all sites. As many measurements as possible were made at a site during 
the time allotted for that site. Sites where many particles needed to be extracted 
from the channel bed, or where the available sampling surface was limited, tended 
to have fewer particles sampled. Sample sizes ranged from 55  213, with most 
samples having around 100 particles. 
Preferential selection of larger or smaller particles can introduce a 
significant amount of error [Marcus et al., 1995]. To minimize biased selection 
errors of this nature, I averted my eyes when selecting a particle to measure. 
Water depths and velocities precluded sampling the majority of the channel 
bed. To predict incipient transport conditions and transport rates for the entire 
width of the channel, it was necessary to assume that the particle size distributions 
of the areas sampled were representative of the entire site. From observations of 
the channel bed made while traveling in a drift boat over areas that were 
inaccessible by foot, the assumption of representativeness appeared reasonable. 
The validity of this assumption is not known for parts of the channel where water 
was deep or turbulent enough to obscure views of the particles on the channel bed. 
The particle measurements made to evaluate the Nelson [1993] transport 
model TOOLBOX, consistently biased particle size distributions towards larger 
particles. TOOLBOX requires seven measurements per particle, four of which 
occur while the rock is in place on the channel bed. Turbulence associated with 
water moving around a ruler held vertically in the water column dislodged particles 
smaller than around 15 mm. This resulted in truncation of the cumulative size 
distribution curve. Examination of surface size-distributions for similar 
environments [McClure, 1998] showed that on average only 2  10 percent of 
particles fell in the range of 2  15 mm. (The Parker [1990] bedload transport 46 
model used in this study requires removal of particles smaller than 2 mm from the 
size distribution). In addition, the particle sizes preferred by spawning salmonids 
on the Deschutes River, and thus those of most concern in the relicensing effort, are 
6.4  76.2 mm (0.25 - 3 in) for steelhead and resident trout, and 76.2 - 254 mm (3 -
10 in) for chinook salmon [Huntington, 1985]. The particles missed due to 
sampling technique represent the lowest 12% of the trout spawning gravel range or 
3% of the trout-chinook range. 
3.3.3.2 Data Analysis Errors 
Errors were introduced into data analysis through calculations of the values 
of cross sections, discharges, depths, reach lengths, Manning's n, and energy 
slopes. All of these parameters were either measured indirectly, or estimated, or 
were based on an average of individual values, or calculated from other parameters 
that were determined in one of these three ways. 
Cross-sectional profiles were estimated by using remotely collected channel 
depths (from the ADCP) and by interpolation using SURFER. Discharge values 
were obtained from a USGS gage located upstream of all study sites. Stream gages 
do not measure discharge directly. They measure stage which is later converted to 
discharge based on a stage-discharge relationship. Average transect depth, herein 
referred to as hydraulic mean depth, was not known in advance and could not be 
directly measured (see cross-section errors). Hydraulic mean depth estimates are 
best made for rectangular channels (like Site B). Since my interest was in finding 
when general transport began over the cross section as a whole, I decided hydraulic 
mean depth was an adequate estimate of channel depth. Reach length was 
measured from aerial photographs rather than in the field. The photographs were 
not differentially rectified. Manning's n, generally a poorly defined parameter, was 
first approximated by using the Manning equation and then calibrated using the 
HEC-RAS model. Energy slope calculations were based on reach-averaged water 
surface and energy slopes. Both Manning's n and energy slope were derived from 47 
hydraulic and geomorphic parameters for low- and high-flow conditions. However, 
for intermediate discharges, n and Se values were estimated by using linear 
interpolation between the derived low- and high-flow values. 
Because the parameters used to determine critical discharge are not 
independent, errors associated with a parameter in one part of the calculation can be 
propagated to another part of the calculation (including the final result). A diagram 
was constructed to aid in understanding how the parameters used in the hydraulic 
analysis interact (Figure 3.6). The diagram also aids in determining which 
parameters have the most potential to propagate errors. 
3.3.4 SENSITIVITY ANALYSIS 
A sensitivity analysis was conducted to investigate the impact of errors in 
determining parameters fundamental to the hydraulic analysis. Three parameters 
that are commonly used in the study of rivers were chosen for evaluation: the 
energy slope (Se), median particle diameter of the channel-bed surface (Dsos), and 
Shields stress for the median diameter of the channel-bed surface (t*,50,). The 
parameters were each changed one-at-a-time by ± 10%, while all other independent 
parameters were held constant. The effect on critical discharge was then evaluated. 
The 10% variation in energy slope, however, did not adequately represent 
the range of observed values. Therefore, energy slopes were varied instead by plus 
or minus one half of a standard deviation from mean energy slope values. Means 
and standard deviations were determined for the two ranges of energy slopes found 
across all sites during September 1995 and February 1996 measurements. Standard 
deviations for intermediate discharges were linearly interpolated between the 1995 
and 1996 values. 
In addition, because of the potential for multiplicative errors, the three 
parameters were changed simultaneously to evaluate the effect of complementary 
errors on the prediction of critical discharge. Figure 3.6 Relation between parameters used to calculate critical discharge, Q.. Subscripts 1, 2,..., m, denote 
transect number. Subscripts a, /3, a..., C, denote different discharges (e.g., Q = 100 m3/s, Q = 200 m3/s, etc.) for 
which the site-average boundary shear stress Cr ,,,,e) is calculated.  HEC-RAS involves an interative solution of the 
energy equation. Only one interation of the calculation is shown here. Symbols defined in text and List of Symbols. Qa  
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Figure 3.6 (Continued) 50 
3.4 Bed load Transport Analysis 
3.4.1 DATA COLLECTION 
Direct measurements of bedload transport were not made due to time 
limitations and the logistics of installing bedload traps, scour chains, or marked 
particles in a large river. Direct measurements with equipment such as Helley 
Smith samplers [Helley and Smith, 1971] were not practical at the sites due to the 
severe hydraulic conditions during likely transport events and the lack of bridges or 
cableways. Preliminary examination of aerial photographs and field reconnaissance 
did not lead me to believe that bedload transport was a common phenomenon on 
the Deschutes River (see § 5.3) for which a measurement program could be planned 
and carried out successfully in any given year. Consequently, field measurements 
of bedload transport were not attempted. The rare flood of February 1996 did 
transport sediment, however, so flood deposits were sampled to characterize the 
size range of materials mobilized by the 510 m3/s discharge (Madras gage) in case 
future use might be made of such data. 
3.4.2 DATA ANALYSIS 
The purpose of this component of research analysis was to develop a rating 
curve of bedload discharge estimates vs. water discharge for streamflows in the 
range of 96 586 m3/s, which represents the limits for measurement conditions at 
the sites. I have chosen to use the Parker [1990] bedload transport model, a 
surface-based relation for gravel mixtures. The 1990 model was derived from an 
existing, empirical, substrate-based relation developed entirely from field data 
[Parker et al., 1982]. 51 
3.4.2.1 Model Selection 
Of the large number of existing transport equations, many have been 
derived from or tested on uniform or relatively well-sorted sand in flumes or rivers. 
Those models incorporating gravels are largely derived from flume-based 
experiments that use uniform fine-gravel or mixed fine-gravel and sand (Table 3.1) 
A method for determining bedload transport of a coarse-bedded river, such as the 
Deschutes, needs to take into account the low shear stress, poorly-sorted bed 
material, and coarse pavement that are characteristic of gravel-bed streams [Parker 
et al., 1982]. This requirement excludes most methods that rely on laboratory 
experiments [Parker et al., 1982; Wilcock, 1997]. Although the bed material of the 
Deschutes River may be relatively sorted in comparison to steep mountain streams 
that have particles ranging in size from very large boulders to silts and clays, when 
compared to the particle sizes used in the studies on which many transport models 
are based, the Deschutes River is relatively poorly sorted (Table 3.1). 
Parker and Wilcock, two prominent researchers on bedload transport in 
western United States gravel-bed rivers, use similar methods that are based on the 
work of Parker et al. [1982]. The method presented by Wilcock [1997] 
incorporates observations of bedload transport. In the absence of this information 
for the Deschutes River, I chose to use the Parker [1990] method. 
The Parker [1990] model is a transformation of an earlier model [Parker et 
al., 1982] based entirely on field data. The majority of data are from the Oak 
Creek, Oregon, data set [Milhous, 1973], one of the best field data sets available. 
Bedload samples were collected using a vortex sampler that extended the whole 
width of the channel. This enabled the entire bedload to be captured, thus avoiding 
sampler efficiency problems present in most bedload sampling methods [Parker et 
al., 1982]. The model relations were derived from the Oak Creek data and tested 
with data from the Elbow, Snake, Clearwater, and Vedder Rivers. Particle size and 
hydraulic characteristics of these rivers are shown in Table 3.2. Data for the 
Deschutes River primary study reach sites have been included for comparison. 52 
Table 3.1 Bed load transport formulas and the particle sizes on which they are 
based. (Modified from Gomez and Church [1989]). 
Formula (Basis)  Source  Particle size range (mm) of 
data employed in derivation 
Deschutes River  < 2 370+ (D50, - 75-80) 
Gravel Formulas 
Meyer-Peter (discharge)  Meyer-Peter, Favre, and  3.17-28.65; uniform 
Einstein [1934]  sediments 
Schoklitsch 1934  Schoklitsch [1934]  0.305-4.96; uniform 
(discharge)  sediments and mixtures 
Schoklitsch 1943  Schoklitsch [1950]  unspecified 
(discharge) 
Meyer-Peter and Mueller  Meyer-Peter and  0.40-28.65; uniform 
(tractive force)  Mueller [1948]  sediments, mixtures, and 
light-weight materials 
Parker (tractive force)  Parker et al. [1982]  0.60-102.0; natural mixture 
(field data) 
Sand/Gravel Formulas 
du Boys-Straub (tractive  Straub [1935]  0.125-4; unspecified 
force) 
Einstein bedload  Einstein [1950]  0.785-28.65; uniform 
(stochastic-tractive  sediments and light-weight 
force)  materials 
Yalin (tractive force)  Yalin [1963]  0.315-28.65; uniform 
sediments and light-weight 
material 
Ackers and White  Ackers and White [1973]  0.04-4.94; uniform 
(tractive force)  sediments and light-weight 
material 
Bagnold (stream power)  Bagnold [1980]  theoretical 53 
Table 3.2 Channel bed and hydraulic characteristics of rivers used to test the Oak-
Creek-based bedload transport model of Parker et al. [1982]. Deschutes River 
(primary study reach only) and Oak Creek data are provided for comparison. 
(Modified from Parker et al. [1982]). 
River  Surface  Percent  Water  Water  Avg. depth  Discharge 
DSO a  sand in  surface  surface  or hydraulic  (m3/s) 
(mm)  bed a  slope  width (m)  radius (m) 
Snake  54  14 b  0.00094- 184-198  4.6-5.9  2.2 x 103-
0.00121  3.1 x 103 
Clearwater  72  19 b  0.00035- 142-149  4.9-6.4  1.5 x 103-
0.00062  3.1 x 103 
Vedder  44  16  0.00195  85-90  1.34-1.66  216-370 
Deschutes  76  16  0.0004- 50-190  1.0-3.8  100-600 
0.0061 
Elbow  76  6?  0.00745  38-49  0.64-0.86  35-109 
Oak Creek  54  12  0.0097- 5.0-6.1  0.31-0.45  1.16-3.40 
0.0108 
a Note: The methods used to determine these parameters differ from case to case. 
b Sand bars on top of the pavement are frequent. 54 
Parker et al. [1982] found that the model worked well for paved, gravel-bed 
streams of small to medium size, with steep to moderate slopes, and with a 
relatively insignificant discharge of sand (i.e., the Elbow, Oak, and Vedder Rivers). 
Large, low-slope, gravel-bed rivers, with large amounts of sand transport, such as 
the Clearwater and Snake Rivers, lent questionable support to the model [Parker et 
al., 1982]. It is thought that these larger rivers used in the comparison might be 
transitional to sand-bedded streams [Parker et al., 1982]. The Deschutes River has 
hydraulic and particle-size characteristics within the range of those described for 
the Elbow, Oak, and Vedder Rivers which Parker et al., [1982] describe as small-
to medium-sized streams (Table 3.2). 
3.4.2.2 Model 
The Parker [1990] model states that the total gravel bedload transport rate 
at a given discharge can be determined from the relation 
W = 0.00218EG(0)F,  (6) 
where 
(sg,-1),g(h. 
W*  (7 a, b) qr 
p 
0.853)45 5474(1 
0  0> 1.59 
G(0) =  exp[14.2(0 1) 9.28(0 1)2] ;  1 5_ 0  159 ,  (8) 
0 < 1 Om' 55 
and Fi is the fraction by volume of the channel-bed surface in the ith grain size 
range. For the Deschutes River, size ranges were chosen to correspond to those 
designated by sedimentological size class (Table 3.3). In Equation 7, W* is the 
dimensionless total bedload, qT denotes the total volumetric bedload transport rate 
per unit gravel-bed width, and q, is the total volumetric bedload transport rate per 
unit gravel-bed width for particles in the ith size range. In Equation 8, M0 = 14.2 
and 0 is a dummy variable which in the Parker [1990] model is equal to the relation 
0 = cokogo  (9) 
where w is the generalized straining function, 0,g0 is the surface-based 
dimensionless shear stress, and go(3,) is the reduced hiding function normalized 
against surface mean particle size. These three parameters are described by the 
relations 
( 
= 1+  (wo  1),  (10)
\  00 , 
Z s g 
0.9m  T rs AO = 0.0386,  (11 a, b, c) 
T rsg0  pf (sgs  OgDsg(m) 
and 
(D. \  D. "95' 1 
go(t5i)= go Di Dsg =24  (12 a, b) 
sx  sg 
where 0-0 is the phi scale-based arithmetic standard deviation of the surface size 
distribution for the river of interest, co0 is the order-one straining function derived 
for Oak Creek, and 600 is the phi scale-based arithmetic standard deviation of the 
surface size distribution for Oak Creek. The values for 0-00and coo are obtained 
from Figure 3.7 and 60 was determined from the relation 56 
Table 3.3 Grain size ranges chosen for use with the Parker 
[1990] bedload transport model. Particles falling on range 
boundaries (e.g., 4.00 mm) were assigned to the coarser particle 
size range (e.g., Fine gravel). 
Size class  Size of square openings 
description 
(mm)  (phi) 
Very fine gravel  2.00 4.00  - 1.0 --> - 2.0 
Fine gravel  4.00  8.00  - 2.0 --> - 3.0 
Medium gravel  8.00  16.0  - 3.0 -4  4.0 
Coarse gravel  16.0 - 32.0  - 4.0 -> - 5.0 
Very coarse gravel  32.0  64.0  - 5.0 --->  6.0 
Small cobble  64.0 - 90.5  - 6.0  - 6.5 
Medium cobble  90.5  128  - 6.5 -4 - 7.0 
Large cobble  128  181  - 7.0 ---> - 7.5 
Very large cobble  181  256  7.5 -> - 8.0 
Small boulder  256 512  - 8.0  ---> - 9.0 2.0 
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Figure 3.7 coo and QUO vs. 0sgo .  Both curves become asymptotic as they approach zero and infinity. (Modified from 
Parker [1990]). 58 
(13) 60 = ilE(0  f; 
where 
0, = loge (D;)  Di in mm  (14) 
and 
=  (15). 
Equation 14 converts particle size from millimeters to values on the 
sedimentological phi-scale. D, is the geometric mean of the ith grain size range and 
(pi is the corresponding phi unit. The arithmetic mean size of the surface particles 
(.0 in the phi-scale is given by Equation 15. 
In Equation 11, -/-*.cg is the Shields stress for the geometric mean diameter of 
the channel-bed surface, and "C* mg° is a low reference Shields stress for the 
geometric mean of the channel-bed surface of Oak Creek. In Equation 12, D.cg 
represents the surface geometric mean particle diameter. 
In addition to the total gravel bedload transport rate, the Parker [1990] 
model also allows calculation of the particle size distribution of the bedload. This 
is done with the relation 
q  G(0)1
P  (16) 
T  EG(p)P7 
where p, is the fraction volume content of the gravel bedload in the ith size range. 
3.4.2.3 Model Use 
For the three straight-zone sites, B, D, and H, the bedload transport model 
was run for low and high flows of Q = 96, 98, and 105 m3/s and Q = 510, 586, and 
586 m3/s, respectively, (those flows occurring at the sites on September 1995 and 59 
February 1996), and for intermediate flows of Q = 100, 200, 300, 400, and 500 
m3/s. The relation between estimated bedload discharge per unit gravel bed width 
and unit water discharge was thus determined at these flow values to develop a 
rating curve for each site. 
In addition, fractional transport rates vs. discharge were also examined. 
Sediment size distributions for the channel-bed surface and subsurface were plotted 
against the predicted size-distribution of the bedload (pi). This was done to 
evaluate the hypothesis that for discharges in excess of the critical shear stress of 
the pavement, the bedload size distribution is to a first-order approximation equal 
to that of the subsurface [Parker et al., 1982]. Subsurface data, obtained from 
McClure [1998], included measurements taken at 12 sites in the primary study 
reach. Because the McClure sites did not match those used in this study, the data 
from all subsurface sites were pooled and the average size distribution across all 
sites was used. In addition, because the size distributions of the channel-bed 
surface were truncated for particles smaller than around 15 mm (see § 3.3.3.1) the 
subsurface data were similarly truncated to provide a more direct comparison 
between the two data sets. 
The particle size distribution of the subsurface material was determined for 
the McClure sites by bulk sampling and dry sieving. Sieving was done in a 
laboratory by using the U.S. Standard sieve series (for exact sieves used see 
Appendix F). This resulted in a different size range classification than was used in 
this study. Consequently, a direct comparison between the calculated bedload and 
the measured subsurface size distributions could not be made. The subsurface data 
were roughly divided to approximate the size ranges used in this study for the 
Parker [1990] model calculations. It should also be noted that no sieves with 
openings larger than 101.6 mm were available during the laboratory processing of 
subsurface samples, so the material in the 101.6 mm size class represents all 
material larger than this diameter. Graphs of bed surface and subsurface particle 
size distributions can be found in Figure 4.4 in § 4.2.1. 60 
3.4.3 SOURCES OF ERROR  
Errors introduced within the bedload transport model include those 
contributed by particle size, hydraulic mean depth, and model constants. Errors due 
to surface particle size measurement and hydraulic mean depth are discussed above. 
Constants within the Parker [1990] model were derived from the Oak Creek field 
data. These constants can be expected to introduce error if the model is used for 
evaluation of bedload transport in rivers other than Oak Creek. However, because 
Deschutes River data of the type needed to rederive the model constants were not 
available and because the Deschutes River has hydraulic and particle-size 
characteristics within the range of those for other rivers for which the subsurface-
based model (Parker et al. [1982] from which the Parker [1990] model was 
derived) worked well, the Oak Creek constants were used. 
Because parameters used in determining bedload transport are not 
independent, errors in one part of the calculation can be propagated to another. A 
diagram was constructed to aid in understanding how the parameters used in the 
bedload transport analysis interact (Figure 3.8). The diagram also aids in 
determining which parameters have the most potential to propagate errors. 
3.4.4 SENSITIVITY ANALYSIS 
A sensitivity analysis was conducted as a test of the impact of errors in 
determining parameters fundamental to the bedload transport analysis. Three 
parameters were chosen for evaluation: the energy slope (Se), geometric mean 
particle diameter of the channel-bed surface (D.,g), and low reference Shield's stress 
for the geometric mean diameter of the channel-bed surface for Oak Creek (T* rsgo). 
Each of these parameters was changed one-at-a-time while all other independent 
parameters were held constant. Se was varied by plus or minus one half standard 
deviation, D.cg by plus or minus one grain size class, and irsgo by ± 10%. To carry 
out the variation in particle size, the channel bed was assumed to have uniform Figure 3.8 Relation between parameters used to calculate volumetric bedload transport rate, QT, for a given Q. Symbols defined 
in text and List of Symbols. 62 
grains. The effect on bedload transport rate was then evaluated. In addition, 
because of the potential for multiplicative errors, the three parameters were changed 
simultaneously to evaluate the effect of complementary errors on the prediction of 
the bedload transport rate. 
3.5 Historical Streamtlow Analysis 
The purpose of this component of research analysis is to provide a context 
for post-dam Deschutes River flows with respect to the overall streamflow record. 
Streamflow data are from USGS gaging station 14092500 (Deschutes River near 
Madras, Oregon) [USGS, 1995; USGS 1996] which is located directly downstream 
of Pe lton Reregulation Dam. The Madras gage has been active since October, 
1923, and, therefore, provides an extensive record both prior to and following 
construction of the Pelton-Round Butte Dam Complex. Due to its proximity to the 
Dam Complex, the Madras gage is more sensitive to dam-induced changes in 
streamflow than is the Moody gage 158 km (99 miles) downstream. It should be 
noted that data used in this analysis for water year 1996 were provisional and 
subject to change when obtained in December, 1996 [USGS, 1996]. 
The streamflow record was divided into four time periods based on dam 
construction activity (see Table 2.2). The periods are designated as follows (years 
listed are water years): 
1925  1939: Pre-Crane Prairie, prior to most major dam building in the 
basin 
1940  1955: Post-Crane Prairie, Pre-Pelton-Round Butte 
1956 - 1965: Pelton-Round Butte Dam Complex construction and filling 
1966  1996: Post-dam, following completion of all dam building on the 
mainstem Deschutes River 63 
Flow duration curves were constructed cumulatively for each of the four designated 
time periods as well as for all years within the period of record to evaluate the 
variation of strearnflow frequencies and magnitudes over time. All flow duration 
curves were constructed by using mean daily flow data. 
3.6 Combined Hydraulic, Bed load Transport, and Historical Streamflow 
Analyses 
The purpose of this component of the research analysis is to provide a first-
order approximation of frequency and magnitude of bedload transport downstream 
of the Pelton-Round Butte Dam Complex on the lower Deschutes River. The effect 
of the Dam Complex on the magnitude of streamflow and bedload transport was 
also evaluated. The combined analysis was conducted by using long-term flow 
duration curves, flood frequency data, and hydrographs together with short-term 
reservoir inflow-outflow data. 
Flow duration curves and flood frequency data [USGS, 1997a] were used to 
determine the frequency and the recurrence interval of the predicted critical 
discharge. The flood frequency analysis [USGS, 1997a] was carried out by using a 
Log Pearson Type III distribution. 
Hydrographs were constructed from mean daily flow data for the entire 
period of record. The number of days were noted during which flow equaled or 
exceeded threshold transport conditions. The percent of time that discharge 
equaled or exceeded critical discharge for the different time periods was then 
calculated. This analysis provides some indication of the frequency of transport 
events during the designated time periods and over the entire period of record. 
The bedload transported during each transport day was also predicted using 
the sediment rating curve. The total amount of material transported per water year 
and per designated time period were then calculated. From this analysis it could be 64 
determined if the predicted amount of material transported by the Deschutes River 
during an event were relatively large or small and if a potential change in bedload 
transport regime might have occurred over time. 
Mean daily inflows and outflows for the Dam Complex were determined for 
the five storm events that exceeded critical discharge following dam construction. 
Inflow-outflow comparisons are valuable because they provide one of the best 
estimates of the effect of a dam on the magnitude and timing of downstream 
streamflow and, consequently, on bedload transport. Inflows to Round Butte 
reservoir reflect discharge derived from upstream of the Dam Complex and, 
therefore, provide an estimate of Deschutes River flows in the absence of the Dam 
Complex. Outflows, as measured at the Madras gage, reflect discharge as affected 
by the Dam Complex. 
For three of the five post-construction storm events, inflow was calculated 
by DE&S Consulting by using the relation 
I =  +  RB + SP  pRR  (17) 
where I is inflow to Round Butte reservoir, 0 is outflow as measured at the Madras 
gage, and ASRB, ASP, and ASpRR are the changes in storage in Round Butte, Pelton, 
and Pelton Reregulation reservoirs, respectively. On an average day, storage in the 
Pelton and Pelton Reregulation reservoirs is reported to be approximately zero. 
DE&S Consulting, therefore, assumed that ASP, and L\SPRR were equal to zero in the 
above equation. Change in storage for Round Butte reservoir was determined from 
daily reservoir elevation data and an elevation-storage rating curve for the reservoir. 
The contribution of discharge by Seekseequa and Willow Creeks, which join the 
Deschutes River between Round Butte and Pelton Dams, was assumed by DE&S 
Consulting to be small enough to be within the range of error for the Madras gage 
reading during high discharge events such as the ones examined here. 
Because Round Butte reservoir elevation data were not available for the 
earliest two storms examined, inflows were estimated using an alternate method. 65 
This method involved adding together discharges measured at the three main rivers 
tributary to Round Butte reservoir: USGS gages 14087400 (Crooked River below 
Opal Springs, near Culver, Oregon), 14076500 (Deschutes River near Culver, 
Oregon), and 14091500 (Metolius River near Grandview, Oregon) [USGS, 1997d, 
e, f]. Inflow calculations based on data from these three gages do not account for 
any discharge derived from 855 km2 of drainage area between the gages and Round 
Butte Dam (4% of the total drainage area). The result is underestimation of 
reservoir inflow. To gain some idea of the amount by which inflow might be 
underestimated, inflows were calculated using data from the three upstream gages 
for the storm events during which reservoir elevation data were available. The 
inflows by the two different methods were then compared and differences 
determined. The average of the percent differences between the two methods was 
applied to the inflow calculations for the two storm events not having reservoir 
elevation data. 
Hydrographs for reservoir inflow and outflow were constructed using mean 
daily discharge values. The magnitude and timing of the highest discharge day for 
inflows and outflows were compared. An estimate of bed material moved per day 
was then determined using the sediment rating curve from the bedload transport 
analysis. The total bedload transported by reservoir inflows per event was 
compared to that transported by reservoir outflows to evaluate the effect of the Dam 
Complex on bedload transport. 66 
4 PRESENTATION AND ANALYSIS OF RESULTS  
4.1 Hydraulic Analysis of Bed load Incipient Motion 
4.1.1 BED MATERIAL PARTICLE SIZE DISTRIBUTIONS AND CROSS SECTIONS 
Particle-size and cross-section data were collected for each site in the 
primary study reach. Site D50s values ranged from 74.5 mm to 95.0 mm and 
showed no trend with distance downstream (Table 4.1). This finding is consistent 
with the results of the Deschutes River Geomorphology channel-bed textural 
analysis [McClure, 1998]. Field observations suggest that particle size is controlled 
more by local hydraulics and local sediment sources than by distance downstream. 
For a thorough discussion of particle size patterns in the lower Deschutes River, see 
McClure [1998]. Particle size field data and distribution calculations (for this 
study) are presented in Appendix G. Particle sampling locations, plan-view maps, 
and cross-sectional profiles for each site are presented in Appendix C. 
4.1.2 CRITICAL DISCHARGE 
Critical discharge values for each site were determined from the intersection 
of the site-averaged shear stress vs. discharge curve and the critical shear stress 
calculated for the site (Figure 4.1). For the sites examined, critical discharge was 
predicted to be between 314 m3/s and 336 m3/s, as measured at the Madras gage 
(Table 4.2). Calculated Qcr values were similar for two of the three straight-zone 
sites (Sites B and D); the third site (Site H) had a critical discharge whose exact 
value could not be determined with the technique used here because the discharge 
value was predicted to be higher than any flow measured on the Deschutes River. 
Critical discharges for Sites E (expansion zone) and I (combination contraction / 
expansion zone) concur with those determined for Sites B and D (Table 4.2). 67 
Table 4.1 Primary study reach site Dsoss. 
Site  River Mile  D5Os (mm) 
A  99.0  82.3 
B  98.0  77.5  
C  97.8  77.5  
D  96.1  95.0  
E  94.0  75.0  
G  92.5  97.4  
H  90.4  74.5  
I  90.2  74.5  
200 
Site D (RM 96.1) 
- - * - - D1 160 
* -D2 
* D3  
Z 120 
- - D4 
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Figure 4.1 Shear stress vs. discharge at Site D. Critical discharge was 
determined from the point of intesection of the Q vs. z and z crit curves. The 
average Q vs. z curve was used to produce a site-averaged critical discharge 
value. 68 
I 
Table 4.2 Site-average critical discharge values (Qcr) at the study sites and 
upstream at the Madras gage. The critical discharge at each site was calculated as 
an average over the channel bed. The critical discharge calculated for the channel 
thalweg at each site has been included for comparison. 
Site  RM  Zone  Bed Qcr  Thalweg Qcr  Bed Qc,- Thalweg Qcr 
type a  @ site  @ site  @ Madras  @ Madras 
(m3/s)  (m3/s)  (m3/s)  (m3/s) 
-
C  C C C A b  99.0  E 
B b  98.0  S  336  247 d  336  247 
C  C C C C b  97.8  C 
D  96.1  S  347  184 
d  324  161 d 
E  94.0  E  352  247 
d  329  130 d 
C C  C C G  92.5  C 
e e  e e H  90.4  S 
90.2  C/E  337  143 d  314  120 d 
a E = expansion zone, S = straight zone, C = contraction zone 
b Located above the confluence with Shitike Creek so critical discharge as 
measured at the site and as measured at the Madras gage will be the same. 
Not calculated 
d Assuming that channel bed at thalweg comprised of same sized material as was 
measured in shallower water 
Critical discharge could not be calculated because predicted critical shear stress 
exceeded the range of shear stresses defined by the  vs Tcurve. 69 
Critical discharge values predicted for the channel thaiweg are included for 
comparison. Values are not available for the remaining sites. The data used to 
determined critical discharge are shown in Appendix H. 
The pattern of excess shear stress (rPrc, > 1) at each site for the February 
1996 flood was similar to that of critical discharges. Excess shear stresses for Sites 
B, D, E, and I fell within a relatively narrow range, and Site H had a lower value 
(Figure 4.2). For all sites, the ratio was below 2.0, showing that even the large 
1996 flood did not produce high shear stresses compared to critical values. This is 
consistent with observations by other researchers for coarse-bedded rivers [Parker 
et al., 1982]. 
The predicted critical discharge and excess shear stress for Site H seems 
outside the range that might be expected given the consistency of values for the 
remaining sites. The results indicate that critical discharge was not exceeded 
during the February 1996 flood. Because field observations suggest that bed 
material was moved through Site H during the February flood event, hydraulic 
parameters controlling the site must not have been adequately represented by field 
measurements. In retrospect, the length of the reach used to delineate the site was 
too small to properly describe the water surface slope relevant to overall site 
dynamics. Misrepresentation of the this slope would affect the energy slope, 
hydraulic mean depth, available shear stress, shear stress vs. discharge curve, and 
ultimately the critical discharge predicted for the site (Figure 3.6). 
4.1.3 SENSITIVITY ANALYSIS 
The energy slope (Se), median particle diameter of the channel-bed surface 
(D500, and Shields stress for the median diameter of the channel-bed surface 
(7.50,).were individually varied to determine the sensitivity of the hydraulic 
analysis to these three parameters (Table 4.3). These parameters were also 
simultaneously and complementarily varied to examine model sensitivity to 
multiple-parameter variation (Table 4.3). 2.0 
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Figure 4.2 Excess critical shear stress with distance downstream for the February 1996 flood. Table 4.3 Changes in critical discharge (C,.) as a result of varying the energy slope (Se), median particle diameter of the channel-
bed surface (D50s), and the dimensionless critical shear stress for the median particle size (r*,.5,9) forstraight-zone sites B and D. 
Variations in the three parameters tested did not yield a critical discharge for Site H. Calculations of slope standard deviations and 
an example of the sensitivity analysis calculation are shown in Appendix I. 
SITE B  SITE D 
Parameter  Change  Qc1.  % diff  Qc,  % diff 
r 
(m3 /s)  in Qe.  (m3 /s)  in Q, 
Se  -1/2 std dev a  373  11  374  8.0 
Se  none  336  0  347  0 
Se  +1/2 std dev a  309  -7.9  327  -5.8 
D5Os  -10%  314  -6.4  309  -11 
D505  none  336  0  347  0 
D505  +10%  357  6.3  384  11  , 
cr50  -10%  314  -6.4  309  -11  . 
T cr50  none  336  0  347  0 
'r* . cr50  +10%  357  6.3  384  11 
all 3  Set, D50s4', Tscr504'  265  -21  266  -23 
all 3  none  336  0  347  0 
all 3  S', D5Ost, Ts cr5Ot  419  25  503  45 
a The average % change for the range of discharges at Site B was 29% and at Site D was 15%. 72 
The sensitivity of the hydraulic analysis appeared to be site dependent. Site 
D was more sensitive on average to both individual and multiple-parameter 
variation than was Site B. Variation of parameters used in Site H did not produce 
critical discharges within the range of measured Deschutes River flows. Site B was 
equally sensitive to all parameters tested, whereas Site D was least sensitive to 
changes in slope, but equally sensitive to the remaining two parameters. Sites B 
and D responded similarly to the negative simultaneous variation but Site D was 
about twice as sensitive to positive simultaneous variation. Critical discharges 
resulting from complementary parameter variation ranged from 265 to 503 m3/s 
(averaging 265 to 460 m3/s for Sites B and D). An example of the calculations 
performed in the sensitivity analysis are provided in Appendix I. 
4.2 Bed load Transport Analysis 
4.2.1 BEDLOAD TRANSPORT RATES AND PARTICLE SIZE DISTRIBUTIONS 
Bed load transport rates were computed for all bed-surface grain-size classes 
over a range of discharges (Figure 4.3). The predicted transport rate increased with 
discharge, with transport of all particle sizes beginning between 300 and 400 m3/s 
(Figure 4.3). Transport rates increased more rapidly at Site B than Site D. No 
transport was predicted to occur at Site H. 
Movement of bed material at a discharge of approximately 300 m3/s, as 
predicted using the Parker [1990] model, is consistent with the predicted critical 
discharges calculated in the hydraulic analysis. The Parker [1990] model was 
derived for conditions when transport is controlled by hydraulic conditions rather 
than particle availability [Parker et al., 1982]. Therefore, transport rates 
represented here are those that occur following exceedance of threshold transport 
conditions and disruption of the channel-bed armor layer. Due to the difference in 
static and dynamic coefficients of friction, particle interlock, and particle hiding, 
bed material can be carried at discharges much lower than those necessary to 73 
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(b) Site D (RM 96.1) 
E3 coarse gravel: 16  32 mm 
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Figure 4.3 Bedload transport rates per unit gravel-bed width for (a) Site B and (b) 
Site D. Full bedload transport begins between 300 and 400 m3/s with smaller particle 
sizes being moved preferentially throughout the range of discharges examined. 74 
entrain them [Reid et al., 1985]. Transport occurring at a discharge of around 300 
m3 /s, /s, therefore, might only occur as discharge is decreasing (e.g., during retreat of 
flood waters). 
The predicted particle size distribution of the bedload was computed for the 
range of examined discharges and compared to distributions of the bed surface and 
bed subsurface. The particle size distributions of the bed surface and subsurface are 
shown in Figure 4.4. The comparison of these distributions with that of the bedload 
are shown in Figure 4.5. Fractional bedload transport calculations indicated that 
particles of 16  64 mm would be preferentially transported over the range of 
discharges examined (Table 4.4, Figure 4.5). The relative percentage of particles in 
this range, however, decreased with increasing discharge (i.e., the bedload 
coarsened with increasing discharge). Comparison of the bedload size distribution 
to those for the bed surface and subsurface revealed that at lower discharges the 
bedload most resembled the bed subsurface and at higher discharges the bedload 
most resembled the bed-surface (Figure 4.5). Throughout the range of discharges, 
however, the bedload remained coarser than the subsurface material and finer than 
the surface material. A closer match between the bedload and both the surface and 
subsurface material was found at Site B than at Site D. The data used in the 
subsurface analysis [McClure, 1998] are shown in Appendix F. 
It should be remembered that the subsurface particle size data were pooled 
for the entire primary study reach, that the size classes used in the subsurface data 
were not identical to those used for the Parker [1990] model, and that for the 
subsurface data the 90.5 - 128 mm size class represents all particles greater than 
101.6 mm since sieves with larger openings were not available. The comparison of 
the bedload with the subsurface size distributions, therefore, should be viewed with 
some caution. Predicted bedload transport rate and particle size distribution data 
can be found in Appendix J. 100  
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Figure 4.4 Particle size distributions of the channel-bed surface (at Sites B and D) and the channel-bed subsurface. Bed 
surface distributions represent all particles sampled (i.e., the data shown have not been divided into grain size classes). The 
bed subsurface distribution is divided into size classes according to the US Standard sieve series (see Appendix F ) and 
represents a pooled sample of the 12 McClure sites in the primary study reach. The bed subsurface > 16 mm represents the 
distribution of the McClure site subsurface material truncated at a lower limit of 16 mm in b-axis diameter. The subsurface 
sample was truncated to improve comparison with the surface samples which had experienced a similar truncation due to the 
sampling technique employed. The bed subsurface > 16 mm data has been divided into the size classes outlined in Table 3.3. 76 
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Figure 4.5 Particle size distribution of the bedload, bed surface, and bed subsurface 
over a range of discharges at (a) Site B and (b) Site D. The particle size distribution 
of the bedload is predicted. Subsurface and surface distributions are measured. 
Subsurface data are pooled data from the 12 McClure sites located in the primary study 
reach. All other data are site specific. Table 4.4 Percent of predicted bedload (by volume) calculated to be in each grain sizerange over a range of discharges for (a) Site 
B and (b) Site D. The percent of the channel-bed surface in each size range is included for comparison. Particles of 16  16 mm 
were preferentially transported over the range of discharges examined. Discharges are in m3/s. 
(a) Site B  Size Range  Percent of Bed load or Bed Surface in Grain Size Range (%) 
(mm)  Q = 96  Q = 100  Q = 200  Q = 300  Q = 400  Q = 500  Q = 510  Bed Surface 
Very Fine Gravel  2.00-4.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Fine Gravel  4.00-8.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Medium Gravel  8.00-16.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Coarse Gravel  16.0-32.0  25.8  25.8  25.8  24.7  14.9  10.6  10.4  7.4 
Very Coarse Gravel  32.0-64.0  34.6  34.6  34.6  34.7  30.2  24.7  24.5  20.4 
Small Cobble  64.0-90.5  21.9  21.9  21.9  22.4  27.2  27.9  27.9  27.8 
Medium Cobble  90.5-128  14.8  14.8  14.8  15.1  22.5  28.6  28.9  33.3 
Large Cobble  128-181  2.6  2.6  2.6  2.7  4.5  6.9  7.1  9.3 
Very Large Cobble  181-256  0.4  0.4  0.4  0.4  0.7  1.3  1.3  1.9 
Small Boulder  256-512  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 Table 4.4 (Continued) 
(b) Site D  Size Range  Percent of Bed load or Bed Surface in Grain Size Range (%) 
(mm)  Q = 98 1 Q = 100 I Q = 200  Q = 300  Q = 400  Q = 500 I Q = 586  Bed Surface 
Very Fine Gravel  2.00-4.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Fine Gravel  4.00-8.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Medium Gravel  8.00-16.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Coarse Gravel  16.0-32.0  9.8  9.8  9.8  8.6  6.1  4.9  4.3  2.6 
Very Coarse Gravel  32.0-64.0  50.7  50.7  50.7  49.3  44.0  40.0  36.4  27.6 
Small Cobble  64.0-90.5  17.3  17.3  17.3  18.0  19.4  19.9  19.4  18.4 
Medium Cobble  90.5-128  14.8  14.8  14.8  16.0  19.5  21.9  23.7  27.6 
Large Cobble  128-181  5.8  5.8  5.8  6.4  8.5  10.2  12.2  17.1 
Very Large Cobble  181-256  1.6  1.6  1.6  1.8  2.5  3.1  4.1  6.6 
Small Boulder  256-512  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 79 
4.2.2 SENSITIVITY ANALYSIS 
The energy slope (Se), geometric mean particle diameter of the channel-bed 
surface (PO,  and low reference Shield's stress for the geometric mean diameter of 
the channel-bed surface for Oak Creek (T.* rsg0) were individually varied to determine 
the sensitivity of the bedload transport analysis to these three parameters (Table 
4.5). These parameters were also simultaneously and complementarily varied to 
examine model sensitivity to multiple parameter variation (Table 4.5). 
The bedload transport analysis is nearly equal in its sensitivity to changes in 
the three parameters tested. Transport rates varied on average by two to three times 
as much as the parameter tested. When Se, D.,g, and T*rsgo were simultaneously 
varied, the predicted transport rates increased more than they decreased. Bedload 
transport rates resulting from complimentary parameter variation ranged from 0.045 
to 0.62 m3/s. An example of the calculations performed in the sensitivity analysis 
are provided in Appendix I. 
4.3 Historical Streamflow Analysis 
Flow duration curves represent the percent of time (over the time period for 
which the curve was constructed) during which a certain discharge is equaled or 
exceeded. Points near the y-axis often have relatively high y-values and represent 
low-frequency, high-magnitude events. Those furthest from the y-axis (i.e., with 
the highest x-value) often have relatively low y-values and represent high-
frequency, low-magnitude events. 
Cumulative flow duration curves were created for each of the four 
designated time periods to examine the pattern of flow frequency between the 
periods of basin development (Figure 4.6). The flow duration curves were 
normalized by dividing discharge values by the long-term mean annual discharge 
for 1925  1996. The cumulative curves were nearly identical from around 10 80 Table 4.5 Changes in total volumetric bedload transport rate per unit gravel bed width (qT) and total volumetric bedload transport 
rate (QT) as a result of varying the energy slope (Se), geometric mean particle diameter of the channel-bed surface (Dsg), and 
reference Shields stress for the geometric mean of the channel bed surface of Oak Creek (ers80). Only site B was examined because 
the method used to test Dsg and r*,..,80 were not site specific. The calculations made in this sensitivity analysis are shown in 
Appendix I. 
SITE B 
Parameter  Change  qT  QT  % diff 
(m3/s/m)  (m3/s)  in qr or QT 
Se  -17%  0.0027  0.14  -44 
Se  none  0.0049  0.25  0 
Se  +15%  0.0070  0.36  45 
Dsg  35%  0.0080  0.41  65 
D38  none  0.0049  0.25  0 
Dsg  +19%  0.0026  0.13  -46 
1. rsg0  10%  0.0060  0.31  24 
T.*rsg0  none  0.0049  0.25  0 
r rsg0  +10%  0.0039  0.20  -20 
all 3  Se4,, Digt, ersgot  0.0009  0.045  -82 
all 3  none  0.0049  0.25  0 
all 3  S4', Dsg4  , v* rsgol,  0.0120  0.62  150 
00 81 
(a)  - 1925	  1939 
1940 - 1955 
1956  1965 
1966  1996 
.  ........... ':'  - ..... 
LTMAQ 1925-1996: 128 m3/s 
2  4  6  8  10  12  14  16  18  20 
4 
(b)  - - - - - 1925  1939 
1940  1955 
1956 - 1965 
1966  1996 
a 
g 
E-0 a 
ol 
1  LTMA 1925-1996: 128 m3/ 
0 
0  10  20  30  40  50  60  70  80  90  100 
Percent of Time Discharge Equaled or Exceeded (%) 
Figure 4.6 Cumulative flow duration curves for the four designated time periods for 
flows equaled or exceeded (a) 20% or less and (b) 100% or less of the time. The curves 
have been normalized by dividing flows (Q) by the long-term mean annual flow 
(LTMAQ) for the period of record. 82 
percent exceedance for three of the four time periods. The curve for the period 
1925  1939 plotted below the others as might be expected because of the drought 
that occurred during this time. Because bed - mobilizing flows appear to occur only 
near the highest end of the flow spectrum, only the differences present in the upper 
10% of the time were further examined. 
The cumulative flow duration curves for the periods 1956 - 1965 and 1966 
1996 plotted slightly above those for the earlier two time periods. This indicated 
that a given discharge (e.g., two times the long-term mean annual discharge) 
occurred more frequently between 1956  1996 than during 1925 -1955 for this 
upper 10% of the time. Although a given discharge may occur more frequently 
during a specific time period, the actual number of days the discharge occurred may 
be less because of the difference in lengths between the time periods (Table 4.6). 
For example, if a hypothetical discharge occurred 5% of the time during 1966 -
1996 and 10% of the time during 1956 - 1966, the discharge would occur more 
frequently during the 1956  1966 time period. However, 5% of the time between 
1966 - 1996 translates into 566 days, whereas 10% of that falling between 1956 
1965 is 365 days. 
The length of the time period used to derive a cumulative flow duration 
curve affects the shape of the curve. The relatively infrequent, high discharge days, 
in most cases, will comprise less and less of a time period (i.e., will have a lower 
and lower percent exceedance) as the length of the time period increases. 
Therefore, a comparison of cumulative flow duration curves for time periods of 
different lengths cannot be used to determine changes in flow frequencies over 
time. A comparison of flow duration curves covering equal-length time periods 
would be more meaningful. 
Flow duration curves (based on mean daily flows) were constructed for each 
year within the period of record to examine the range of flow variability and to 
evaluate if there were any noticeable changes between the curves with time (Figure 
4.7). The largest mean annual flows over the period of record ranged from around 
150 to 510 m3/s, with most falling between 150 and 300 m3/s. Comparison of the Table 4.6 Discharge and number of days discharge occurred for selected percent exceedances. 
Time  1%  5%  10%  50%  90%  95%  Tot # 
period  days 
Q # Q # Q #  Q #  Q #  Q  # per time 
(m3/s)  days  (m3/s)  days  (m3/s)  days  (m3/s)  days  (m3/s)  days  (m3/s)  days  period 
1925-1939  211  55  165  274  147  548  113  2,739  95  4,930  93  5,204  5,478 
1940-1955  253  58  188  292  170  584  121  2,922  94  5,260  91  5,552  5,844 
1956-1965  289  37  203  183  171  365  123  1,827  104  3,288  88  3,470  3,653 
1966-1996  265  113  194  566  173  1132  122  5,662  104  10,191  102  10,757  11,323 
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Figure 4.7 Annual flow duration curves (Deschutes River near Madras) for  
water years (a) 1925-1939, (b) 1940-1955, (c) 1956-1965, (d) 1966-1976,  
(e) 1977-1986, and (f) 1987-1996. 
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annual flow duration curves did not reveal any dramatic changes in flow over the 
period of record. This would suggest that if any changes in streamflow due to the 
Dam Complex exist, they are subtle or, perhaps, operating on a different time scale 
than that of mean daily flows. 
Determining any effect of the Pelton-Round Butte Dam Complex on 
streamflow is confounded by the presence of five dams and six major flow 
diversions upstream of the Dam Complex. In addition, climate change, water 
storage (both natural and anthropogenic), water diversions, irrigation return-flow, 
and inter-basin groundwater exchange influence the pattern of streamflow in the 
basin and act as confounding variables. Due to the complexity of water movement 
in the basin and all of the variables affecting this movement, a comprehensive 
statistical analysis and water budget would need to be undertaken to determine if 
any changes in streamflow due to the Dam Complex exist, and if they do exist, 
whether they are significant. Such an analyses were not conducted as part of this 
study. 
4.4 Combining the Hydraulic, Bed load Transport, and Historical Streamflow 
Analyses 
One critical discharge value was chosen for use in the combined analysis. I 
decided that the highest predicted critical discharge as measured at the Madras gage 
would be used because under this condition bedload transport should occur at all 
sites examined (with the exception of Site H) rather than only at the sites with 
lower critical discharges. In the context of this study, a estimation of general bed-
material transport may be a more useful condition to examine than that of localized 
transport. In the combination of hydraulic and streamflow analyses, the effect of 
the critical discharges obtained from the sensitivity analysis (265 and 460 m3/s, 
Table 4.3) on the frequency of transport was also considered. 86 
4.4.1 COMBINED HYDRAULIC AND HISTORICAL STREAMFLOW ANALYSES 
Critical discharge values were combined with historical streamflow records 
of daily flows to examine the frequency with which estimated transport conditions 
occurred over time. Days having discharges greater than or equal to critical flow 
are referred to as "transport days" and a series of these days is called a "transport 
event." 
Hydrographs based on mean daily discharge were combined with the three 
critical discharge values (265 ,  336, and 460 m3/s) to examine both the frequency 
with which and magnitude by which threshold transport conditions were exceeded 
(Figure 4.8). Where the hydrograph intersects the critical discharge lines, bedload 
transport is predicted to occur. The higher a peak in the hydrograph is located 
above the critical discharges lines, the greater the amount of bedload predicted to be 
moved. The two most notable events over the period of record occurred in 
December 1964, and February 1996 (Table 2.1, Figure 4.8). 
Table 4.7 shows the number of days that discharge was greater than or equal 
to critical discharge, the percent of the 72-year streamflow record this number of 
days represents, the number of high flow events responsible for these high 
discharge days, and the number of days with flow exceeding critical discharge by 
more than 10% and 20%. The frequency with which bedload transport was 
predicted to occur was very low (less than 1% of the time) for all three critical 
discharge values. As critical discharge increased, the number of days with 
discharges exceeding critical dropped dramatically (by 88% between 265 and 336 
m3/s and by 96% between 336 and 460 m3/s). Because around 75% of transport 
days exceeded the originally predicted critical discharge (336 m3/s) by 10% or less, 
a relatively minor increase in the estimate of this critical discharge, say to 370 m3/s, 
would still decrease predicted bedload transport substantially (i.e., a large increase 
in the predicted Qcr is not necessary to greatly reduce the frequency of predicted 
transport events). The magnitude by which critical discharge was exceeded 87 
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Figure 4.8 Superposition of critical discharges on hydrographs for the Deschutes River 
near Madras for water years (a) 19254934, (b) 1935-1944, (c) 1945-1954, (d) 1955-
1964, (e) 1965-1974, (0 1975-1984, (g) 1985-1994, and (h) 1995-1996. Bed load 
transport is predicted to occur when streamflow (hydrograph) exceeds critical discharge 
(solid and dashed horizontal lines). Hydrographs constructed from mean daily flows. 88 
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throughout the streamflow record was low. Only 24% to 45% of the days with 
flows exceeding critical discharge experienced flows exceeding critical discharge 
by greater than 10% (Table 4.7). 
The percent of time that streamflow exceeded critical discharge was 
determined for each of the four designated time periods to examine the pattern of 
flow exceedance over time (Figure 4.9). Percent of time was used in addition to the 
number of days because percent of time normalized the data for time periods of 
different lengths. When examined over the four time periods, critical discharge was 
exceeded increasingly from 1925 to around 1965; thereafter exceedance declined 
slightly. This pattern was identical for both the 336 and 265 m3/s critical discharge 
values. Each of the 1956  1965 and 1966  1996 time periods, however, contained 
a relatively rare large flood that was responsible for most of the transport days 
predicted in the time period. 
The recurrence interval and percent exceedance were determined for the 
critical discharges using flood frequency analyses and flow duration data [USGS, 
1997a] based on mean daily flows (Table 4.8). Recurrence intervals ranged from 3 
years (Q  265 m3/s) to 207 years (Q .?_ 460 m3/s). Recurrence intervals were higher 
(especially at higher discharges) for the period from 1925 - 1955 than from 1964 -
1996. The lack of large floods in the earlier 30-year time period may have 
influenced the ability of conventional flood frequency analysis to predict recurrence 
intervals for larger flow events. The 1964  1996 time period, in contrast, contained 
two very large floods. 
Critical discharges were shown to be exceeded less than 1% of the time for 
the three critical discharge values over most of the four designated time periods. 
The only exception to this occurred during 1956 - 1965 at a critical discharge of 
265 m3/s, where the percent exceedance was shown to be just under 1.5%. 91 
Table 4.7 Frequency and magnitude of critical discharge exceedance over the 
period of record for the three examined critical discharge values. 
Q.- # days  % of record  # high flow 
(m3/s)  Q> Q.- Q -?- Qc,  events  # days Q ? _ Qcrby 
>10%  >20% 
265  212  0.8  29  96  48 
336 25  0.1  11  6  5 
460  1 0.004  1  1  0 92 
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Figure 4.9 Percent of time and number of days that discharge equaled or  
exceeded critical discharge for Q , = 336 m3/s and Q  = 265 m3/s.  
Table 4.8 Recurrence intervals and percent exceedances for discharges of 265, 
336, and 460 m3/s. Recurrence intervals are for the periods 1925  1955 and 1964 -
1996 [USGS, 1997a]. 
Time period  Recurrence interval (year)  Percent Exceedance (%)
Q265  Q336  Q.?_ 460  Q265  Q1336  Q?_460 
(m3/s)  (m3/s)  (m3/s)  (m3/s)  (m3/s)  (m3/s) 
1925  1939  0.27  0  0 
1940  1955  4  16  207  0.67  0.10  0 
1956  1965  1.46  0.40  0 
1966  1996  3  7  31  0.99  0.38  0.11 93 
4.4.2 COMBINED HYDRAULIC, BEDLOAD TRANSPORT, AND HISTORICAL  
STREAMFLOW ANALYSES  
For the bedload transport analysis, only the predicted critical discharge of 
336 m3/s was evaluated. Because transport, once initiated, can continue at 
discharges less than critical, bedload transport was considered to occur until 
streamflows receded to the arbitrary value of 280 m3/s, by which time transport 
rates were predicted to be very small. 
The total amount of bedload moved per transport day was predicted for Site 
B for each transport event between 1925 and 1996 (Figure 4.10, Appendix K) by 
using the sediment rating curve determined from the bedload transport analysis. 
These values were then regrouped by water year to examine the pattern of bedload 
transport over time (Figure 4.11). Little transport occurred from the mid-1920s to 
the early 1940s as might be expected because of the severe drought that occurred 
during this time. Bed load transport after the early 1940s had no discernible pattern 
of occurrence over the years, but remained, for the most part, between 2,000 and 
3,000 m3/year. Two notable exceptions in the magnitude of transport occurred 
during water years 1965 and 1996 as a result of the December 1964 and February 
1996 floods. The flood of February 1996 transported the most material of any 
single event, with an estimated 14,900 m3 moved through Site B. The predicted 
total transport for the 1996 event was equal to 72% of all material transported up 
until that time, and 42% of all material transported since 1925. The 1964 flood 
transported 7% of all material since 1925 with an estimated 6,530 m3 moved 
through Site B. 
The quantity of bedload transported per year was calculated for the four 
designated time periods (Figure 4.12). Typical predicted amounts ranged from 0 to 
just under 1,300 m3/ yr. The amount of bedload moved per year increased from 
1925 - 1939 to 1956  1965 after which transport declined. This same pattern was 
seen, as might be expected, in the percent of time that critical discharge was 10,000 
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Figure 4.10 Predicted volume of bedload moved per transport day at Site B during water years 1925 -1996. 
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Figure 4.11 Predicted volume of bedload moved per water year at Site B 
during water years 1925-1996. 
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Figure 4.12 Predicted volume of bedload moved per water year at Site B 
during each of the four designated time periods. 96 
equaled or exceeded over the different time periods. The 1956  1965 time period 
experienced the greatest amount of transport per year. This is due, in part, to the 
large December 1964 flood that occurred during this relatively short time period. 
The large February 1996 flood that occurred during the 1966 - 1996 time period did 
not translate into a higher transport value per year (than that for the 1955 - 1965 
period) because of the relatively greater length of this time period. Because the 
length of time period and the occurrence (or lack thereof) of a very large storm 
event during a particular time period greatly effects the transport rate per year, this 
method of comparison might not be the most meaningful way to examine the effect 
of the Dam Complex on bedload transport over time. In addition, any changes in 
streamflow and, consequently, bedload transport due to the water storage projects 
and irrigation diversions upstream of the Dam Complex are difficult to separate 
from any changes resulting from the Dam Complex. 
The effect of the Pelton-Round Butte Dam Complex on bedload transport 
can be much better evaluated by examining mean daily inflows and outflows from 
the Dam Complex and the associated amounts of bed material transported for all 
post-dam transport events. Reservoir inflows reflect discharge derived from 
upstream of the Dam Complex and, therefore, provide an estimate of Deschutes 
River flows in the absence of the Dam Complex. Outflows measured just 
downstream at the Madras gage, are discharges affected by the Dam Complex. 
Post-dam transport events occurred in January 1965, March 1972, February 
1982, and February 1996. An additional transport event occurred in December 
1964. This event was included in the analysis even though it occurred before the 
Round Butte reservoir had completed filling because the 1964 flood had the largest 
recorded inflow to the Complex [PGE, 1996] and the second highest discharge 
recorded at Moody [Hubbard et al., 1997]. Furthermore, the capture of the flood 
peak by the Round Butte Dam completed the filling of its reservoir, Lake Billy 
Chinook. The completion of reservoir filling, which had been expected to occur in 
a year, with the capture of the flood, happened in a matter of days. The capture of 
the 1964 flood waters by the Complex represents a potentially large impact on 97 
bedload transport. The conditions associated with the December 1964 flood are 
different than those for the other post-construction transport events, as will be 
shown shortly. For simplicity, I refer to the December 1964 storm as a "pre-filling" 
event and all storm events occurring after filling of the reservoir as "post-filling" 
events. To avoid confusion, I refer to all five events together as "post-construction" 
events rather than post-dam events because, as defined by the four designated time 
periods, the 1964 flood does not fall in the post-dam time period. 
To evaluate the effect of consecutive transport events, the December 1964 
and January 1965 floods were considered both separately and as a single but longer 
and multi-peaked event. When considered as one transport event, bedload transport 
was assumed to continue during the time of recession flows between the two flow 
peaks. 
Reservoir inflow and outflow hydrographs were constructed for each post-
construction transport event from data provided by DE&S Consulting (Appendix L) 
and from calculations using USGS gage data [USGS 1997 d, e ,fl (Figure 4.13). 
The timing and magnitude of reservoir inflow and outflow for the highest flow day 
were compared for each post-construction transport event (Table 4.9). The Dam 
Complex had no effect on the timing of the flow peak for the post-filling events, 
but the 1964 pre-filling event had its peak delayed by four days. The Dam 
Complex did not change or slightly increased the magnitude of all post-filling flow 
peaks but substantially decreased the magnitude of the pre-filling flow peak (Table 
4.9). 
A comparison of the shapes of the inflow and outflow hydrographs (Figure 
4.13) showed that for all post-construction transport events, water was stored (i.e., 
inflow > outflow) by the Dam Complex on the rising limb of the hydrograph and 
some amount of this stored water later released (i.e., inflow < outflow) during 
and/or following the peak of the hydrograph. In nearly all cases, however, the 
amount of water stored and released was minimal compared to the overall discharge 
for the event. In addition, in most cases, the majority of change in the hydrograph 
due to the Dam Complex occurred at discharges that were less than critical 98 
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Figure 4.13 Round Butte Reservoir inflows and Complex outflows for all post-
construction transport events: (a) December 1964, (b) January 1965, (c) March 
1972, (d) February 1982, and (e) February 1996. Please note that x-axes cover 
different length time periods. 99 
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Table 4.9 Timing and magnitude of highest flow peaks for reservoir inflows (Qin) 
and outflows (Qur) for post-construction transport events. All discharges are mean 
daily flow. 
Flow Event  Magnitude of Highest Flow  Date of Highest Flow 
Qin  Q0lIf  % change  Qin  Q0ut  Days peak 
(m3 /s)  (m3 /s)  lagged 
Dec 1964  564?  428  -32  12/24/64  12/28/64  4 
Jan 1965  3:67  348  2  1/31/65  1/31/65  0 
Mar 1972  334  343  3  3/18/72  3/18- 0 
3/19/72 
Feb 1982  405  405  0  2/21/82  2/21/82  0 
Feb 1996  471  510  8  2/8/96  2/8/96  0 101 
discharge. Although changes in the hydrograph at flows less than critical discharge 
are not important in the context of bedload transport, there might be consequences 
of such flow reduction or enhancement to suspended sediment transport and to 
ecological parameters. 
The quantity of bedload transported per day by reservoir inflows was 
compared to that carried by outflows for each post-construction transport event for 
Sites B and D (Figures 4.14  4.19, Appendix M). Because reservoir inflows during 
the 1964 flood exceeded the upper limits of the sediment rating curve, transport 
rates for this event were extrapolated (Figure 4.20). Two different extrapolations 
were considered because the line of best extrapolation for the rating curve was not 
clear. The slopes of the two extrapolated lines were derived from extending the 
slopes of the upper end of the rating curve in one case, and the curvature of this part 
of the rating curve in the other case. 
For all Site D transport calculations, except those for the 1996 event, 
bedload transport reflects only the bed material mobilized by flow measured at the 
Madras gage. Shitike Creek was ungaged during these events and, therefore, the 
influence of this tributary could not be taken into account. 
The change in bedload transport due to the Dam Complex for the January 
1965, March 1972, and February 1982 events was relatively minimal (Figures 4.15, 
4.17, and 4.18) with transport being increased by 0 -14 %. Change in bedload 
transport during the December 1964 and February 1996 events, however, was 
moderate to substantial. The Dam Complex was predicted to decrease bedload 
transport by 86% (or 84% using extrapolation 2) at Site B and by 69% at Site D for 
the December 1964 flood (Figure 4.14) and to have increased bedload transport by 
27% at Site B and by 7% at Site D for the February 1996 flood (Figure 4.19). 
Considering the 1964 and 1965 events as one extended flood (Figure 4.16) changed 
the decrease in predicted transport due to the Dam Complex from 86% to 84% at 
Site B (when using extrapolation 1). 102 
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Figure 4.14 December 1964 flood: (a) Hydrographs of Round Butte Reservoir inflow 
and Complex outflow, and predicted volume of bedload moved by inflows and outflows 
at (b) Site B, and (c) Site D. Site D transport estimates do not include discharge 
contributed by Shitike Creek as the creek was not gaged at this time. 103 
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Figure 4.15 January 1965 flood: (a) Hydrographs of Round Butte Reservoir inflow 
and Complex outflow, and predicted volume of bedload moved by inflows and outflows 
at (b) Site B, and (c) Site D. Site D transport estimates do not include discharge contributed 
by Shitike Creek as the creek was not gaged at this time. 104 
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Figure 4.16 Combined December 1964 and January 1965 floods: (a) Hydrographs of 
Round Butte Reservoir inflow and Complex outflow, and (b) predicted volume of 
bedload moved by inflows and outflows at Site B. 105 
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Figure 4.17 March 1972 flood: (a) Hydrographs of Round Butte Reservoir inflow and 
Complex outflow, and predicted volume of bedload moved by inflows and outflows at 
(b) Site B, and (c) Site D. Site D transport estimates do not include discharge 
contributed by Shitike Creek as the creek was not gaged at this time. 106 
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Figure 4.18 February 1982 flood: (a) Hydrographs of Round Butte Reservoir inflow 
and Complex outflow, and predicted volume of bedload moved by inflows and 
outflows at (b) Site B, and (c) Site D. Site D transport estimates do not include 
discharge contributed by Shitike Creek as the creek was not gaged at this time. 107 
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Figure 4.19 February 1996 flood: (a) Hydrographs of Round Butte Reservoir inflow 
and Complex outflow, and predicted volume of bedload moved by inflows and outflows 
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Figure 4.20 Extrapolation of sediment rating curve for Site B. Extrapolated part of the curve indicated by a 
dashed line. 109 
The total predicted bedload moved by reservoir inflows and outflows during 
each post-construction transport event and the percent of change in transport due to 
the Dam Complex are listed in Table 4.10. In both the 1964 and 1996 events, the 
effect of the Dam Complex appeared to decrease with distance downstream (Site 
D). For the smaller events (1965 and 1972), this trend was reversed and the effect 
of the Dam Complex on transport appeared to increase with distance downstream. 
Site D is located a short distance downstream of the first major tributary, Shitike 
Creek. 
There are no upstream or tributary sources of sediment in the 2.1 RM 
(3,380 m) reach of the Deschutes River that lies between the Pe lton Reregulation 
Dam and Site B. Approximately 15,000 m3 of material was predicted to have 
moved through Site B during the February 1996 flood (Table 4.10). To provide a 
rough estimate of how much degradation of the channel bed would be required to 
supply the quantity of material predicted to have moved through Site B, several 
methods can be employed. One method involves assuming that the bedload was 
derived from the entire reach between Pelton Reregulation Dam and Site B. In this 
case, if the average river width for this reach were assumed to be 75 m (the river is 
much wider at several locations upstream than at Site B), this would provide 
approximately 2.54 x 105 m2 of river bed capable of supplying sediment. Dividing 
the quantity of bed material predicted to have been transported during the 1996 
event (around 15,000 m3) by 2.54 x 105 m2 gives 0.059 m. Porosity of the channel 
bed is estimated to be around 25% based on a value of 28% for uniform, coarse 
gravel [Todd, 1980]. (The reduction in porosity tries to take into account infilling 
of interstices in the coarse gravel by sand and finer gravel.) Including porosity in 
the calculation (0.059 m x 1.25) results in 0.074 m, or around 7 cm, of net average 
degradation over the reach between Pelton Reregulation Dam and Site B. This 
amount of degradation represents about one D5o indicating that, in terms of 
averages, only one "layer" of bed material need be stripped away to supply the 
predicted bedload. 110 
Table 4.10 Estimated total bedload transported by reservoir inflows (QT in) and 
outflows (QT us) for five post-construction transport events. Reservoir inflows 
approximate streamflows that would occur in the absence of the Pelton-Round 
Butte Dam Complex. Transport calculations for Site D (except in 1996) do not 
include discharge contributed by Shitike Creek as the creek was not gaged at this 
time. 
Site  Transport  QT in  QT Out  % 
event  change 
(m3)  (m3)  in QT in 
B #1  Dec 1964  48,000  6,530  -86 
B #2  Dec 1964  41,300  6,530  -84 
D  13,800  4,300  -69 
B#1  1964 & 1965  49,100  7,760  -84 
B  Jan 1965  1,090  1,160  6 
D  Jan 1965  1,390  1,580  14 
B  Mar 1972  0  1,680  --
D  Mar 1972  0  1,900  --
B  Feb 1982  3,070  3,070  0 
D  Feb 1982  3,040  3,080  1 
B  Feb 1996  11,700  14,900  27 
D  Feb 1996  9,690  10,400  7 111 
Another method of estimation considers a more local source area for the 
material predicted to have been transported through Site B, for example, six 
channel widths, or 360 m, immediately upstream from the site. At Site B the river 
is around 60 m wide so the total area of river bed available to provide sediment 
would equal 21,600 m2. Dividing 15,000 m3 of bedload by 21,600 m2 of source 
area gives 0.69 m of degradation. Taking into account porosity (0.69 m x 1.25), 
gives 0.87 m, or around 87 cm, of net average degradation in the 360 m reach 
immediately upstream from Site B. This amount of degradation represent about 
11*D50 indicating that, in terms of averages, 11 "layers" of bed material would 
need be stripped away to supply the predicted bedload. 
With both of these methods, the amount of predicted degradation is based 
on the assumption that transport occurs equally over the entire channel-bed surface. 
In reality, scour and transport will be concentrated in deeper parts of the channel 
and there will be little or no transport (or even some deposition) in shallower areas. 
In addition, neither of these methods takes into account sediment derived from the 
channel banks. Exposed roots along channel and island margins, and steep banks in 
some places along the river suggest that not all material is derived from the channel 
bed. However, not much channel migration has been observed, so the channel bed 
is most likely the primary sediment source in this upstream-most reach of the lower 
river. 
Comparison of the measurement-cross section at the USGS Madras gage 
prior to and following large storms that occurred since 1958 showed that local 
scour was on the order of 10 to 60 cm [McClure, 1998]. This value falls between 
those estimated by the two methods discussed above. 112 
5 DISCUSSION OF RESEARCH RESULTS  
5.1 Bed load Transport in the Deschutes River 
Bed load transport is a relatively infrequent event in the Deschutes River. 
The research results show that the predicted critical discharge of 336 m3/s was 
exceeded only 25 days, or 0.1% of the time, during the 72-year period of record 
(1925  1996). If the results of the hydraulic analysis overestimated critical 
discharge, the actual frequency of transport would be greater than predicted. 
Evaluation of a lower critical discharge derived from the sensitivity analysis (Qcr = 
265 m3/s), showed that transport still was estimated to occur less than one percent 
of the time. If the hydraulic analysis underestimated critical discharge, transport 
would occur less than 0.1% of the time and the frequency of channel-bed 
mobilizing events would become extremely rare. Evaluation of a higher critical 
discharge derived from the sensitivity analysis (Qc, = 460 m3/s) showed that 
bedload transport was predicted to occur during only one day, or less than 
0.004%of the time, over the period of record. 
The frequency of bedload transport in coarse-bedded rivers is often low 
because of the relatively large shear stresses needed to break the armor layer and 
entrain large bed material. Studies have shown that bed material in gravel-bed 
streams is typically moved only about 5-10% of the time (which translates into 
several times per year) at flows close to bankfull [Andrews and Nankervis, 1995]. 
The Deschutes River appears to have a relatively low frequency of bedload 
transport even in the context of other gravel-bed streams. 
The few discharges capable of transporting bed material exceeded threshold 
conditions by very little, resulting in relatively small estimated bedload transport 
rates. Discharges exceeded critical discharge (Qcr  336 m3/s) by 10% or less 
during three-quarters of the transport days (Table 4.7). The highest discharge on 
record only exceeded the critical value by just over 50%. 113 
The two largest floods on record occurred in December 1964 and February 
1996. The 1964 and 1996 floods were responsible for transporting 7% and 42%, 
respectively, of all material predicted to have moved during the 72-year period of 
record. 
5.2 Changes in Frequency and Magnitude of Bed load Transport Due to the 
Pelton-Round Butte Dam Complex 
Many factors influence the short- and long-term patterns of streamflow in 
the Deschutes River basin: climate, water storage (both natural and anthropogenic), 
water diversions, irrigation return-flow, and inter-basin groundwater exchange. A 
comprehensive statistical analysis and detailed water budget analysis would be 
needed to determine the significance of any differences in the magnitude, timing, 
and, frequency of transport events that occurred prior to and following construction 
of the Pelton-Round Butte Dam Complex. No such detailed analyses were 
undertaken here. However, examination of annual flow duration curves suggests 
that any effect on streamflow by the Dam Complex is subtle. 
The effect of the Dam Complex on the magnitude of discharge and bedload 
transport following dam construction could be evaluated by using reservoir inflow 
and outflow data. A comparison of reservoir inflow and outflow hydrographs for 
the four post-dam events showed that, in comparison to reservoir inflows, the 
magnitude of outflows decreased during the rising limbs of hydrographs, and either 
slightly increased or remained the same during the peak (by up to 8%, average of 
3%) and falling limbs of hydrographs (Figure 4.13). This pattern of increased flow 
peaks (albeit small) is contrary to that found on most dammed rivers [e.g., Rasid, 
1979, Schmidt and Graf, 1990], although exceptions do exist [Kellerhals, 1982; 
Church, 1995]. The timing of flood peaks was not changed by the Dam Complex 
for post-filling transport events. 
A major exception to the pattern of increased flow peaks due to the Dam 
Complex occurred during the flood of December 1964. This large flood happened 114 
under unusual circumstances: the Round Butte reservoir was filling for the first 
time following construction. As a result, Round Butte Dam captured part of the 
incoming flood waters. This delayed and substantially decreased the flood peak --
by at least 32%. Because no other post-construction transport event has been 
affected by the Dam Complex this way, I consider the decreased and delayed flood 
peak to be unique to the 1964 event. 
Changes in the magnitude of bedload transport resulting from the Dam 
Complex were estimated by comparing reservoir inflows to outflows and the 
predicted bedload carried by each. The results indicated that for Sites B and D the 
Dam Complex increased bedload transport by 0% to 27% (average 9%) for post-
filling events and decreased transport by 69% to 86% for the 1964 pre-filling event. 
It should be remembered that the calculations for the 1964 flood are rough because 
of the need to estimate reservoir inflows and extrapolate the sediment rating curve 
to predict bedload transport rates. It has been suggested that reservoir inflows 
during the 1964 flood were larger than those predicted here [Huntington, 1985; 
PGE, 1996]. Until more complete data are made available, the calculation 
performed in this study must suffice. 
The effects of the Dam Complex decreased downstream of the Shitike 
Creek confluence for the two larger floods (December 1964 and February 1996) 
and increased downstream of the confluence for the three smaller floods (January 
1965, March 1972, and February 1982) (Table 4.10). This difference in trends 
appears to be due to the differences in the rating curves between Sites B and D and 
the nature of the transport events examined. The larger transport events (1964 and 
1996) had more days with discharge values higher above critical discharge than did 
the smaller transport events. Because the rating curve at Site B is much steeper 
than that at Site D (Figure 4.20), the high-discharge days move relatively more 
material at Site B than at Site D. The smaller transport events (1965, 1972, and 
1982) had more days with discharges close to critical than did the larger events. 
Because transport is predicted to occur to lower discharges at Site D than at Site B 
(Figures 4.3 and 4.20), transport can occur longer and, therefore, more material is 115 
moved at Site D than Site B for near-critical flow transport days. So for the 1964 
and 1996 events, more transport was predicted to occur at Site B than Site D, 
making changes due to the Dam Complex appear to decrease with distance 
downstream. For the 1965, 1972, and 1982 events, more transport was predicted at 
Site D than at Site B, making changes in transport due to the Dam Complex appear 
to increase with distance downstream. It would appear, therefore, that the 
longitudinal trend in bedload transport is more closely related to the hydraulics of 
the individual sites than to distance from the Dam Complex. Defining a trend (or 
lack thereof) based on two points, however, is tenuous at best. A comparison using 
data from all ten study sites should provide more insight. 
5.3 Plausibility of Results 
The plausibility of the results are evaluated here in terms of general field 
observations of the channel, the consistency of results of the hydraulic analysis, the 
effects of the February 1996 flood, the sensitivity analyses, and the original 
conceptual model. 
5.3.1 CHANNEL MORPHOLOGY AND VEGETATION 
The gross channel morphology and vegetation growth along the lower 
Deschutes River are consistent with the interpretation of general channel stability. 
No organized study was conducted to determine this, but field observations from 
the entire lower river suggest this conclusion. The river contains very few meander 
bends and point bars, which are expected to be common features in active alluvial 
channels. Many of the meanders that do exist are deeply incised into the basalt 
flows that comprise the steep canyon walls and, consequently, have little or no 
associated point bars. The majority of point bar deposits that do exist are covered 
with well-established vegetation (at least several years old). Less than 2% of 116 
streambanks in the lower 111 km of river exhibit some degree of observable 
erosion and this is mainly caused by strong currents and eddies at constrictions and 
points of flow impingement during floods [Klingeman et al., 1990]. Since the 
channel is confined for much of its length, floodplain development is generally 
poor. Existing floodplains (e.g., Mecca Flat) are vegetated. Sediment entering the 
river has little opportunity to be deposited outside of the channel perimeters. The 
vast majority of in-channel deposits are shallow subaqueous bars or vegetated 
islands. Classic alternating point bars do not exist. Tributary fans have built out 
into the river and constrained the channel main stem. These fans appear well 
established (judging from the age of the vegetation covering them) and were not 
substantially modified by the February 1996 flood. 
Evaluation of historical aerial photographs of the lower Deschutes River 
(1950s - 1996) for periods following floods showed that the channel boundaries and 
islands are generally stable over time [Grant et al., 1996; McClure, 1998]. Islands 
found in the 1950s remained relatively unchanged in the 1970s and 1990s. One 
exception occurs downstream of the Shitike Creek confluence where new gravel 
was introduced and channel flow patterns were altered following the 1964 and 1996 
floods [Grant et al., 1996, McClure, 1998]. Channel modifications due to Shitike 
Creek, however, were limited to the immediate downstream reach. 
Channel stability is also implied by the scarcity of unvegetated deposits on 
the river. Islands, tributary fans, and floodplains are covered with various 
combinations of grasses, sage brush, willows, sedges, and alders. Alders on the 
order of 20+ years old [Eisner, personal communication] can be found lining long 
stretches of channel banks and along the edges of many islands. If the Deschutes 
were a very active alluvial river in which gravel and sand deposits were often 
reworked, one would not expect much vegetation to be covering deposit surfaces. 
Consistent with this idea is that in the primary study reach, one of the few islands 
that is not heavily vegetated is the first island downstream of the Shitike Creek 117 
confluence. New gravel was deposited on top and along the sides of this island 
following the February 1996 flood. Most of the vegetation on the periphery of the 
island remained relatively undisturbed. 
Some locations along the river have little riparian vegetation, but this 
typically is due to intensive, year-round livestock grazing. Some of these areas 
have since been fenced off by the Oregon Department of Fish and Wildlife, 
resulting in recolonization of the banks by riparian vegetation [Newton, meeting 
notes, 1994]. 
5.3.2 CONSISTENCY OF RESULTS OF HYDRAULIC ANALYSIS 
Critical discharges were determined for five sites in the primary study reach 
by using field data and the hydraulic model HEC-RAS. Critical discharges 
predicted for four of the five sites were within 5% of each other (see § 4.1.2). These 
four sites include all three hydraulic environments found in the lower Deschutes 
River (see § 3.1). The consistency of predicted critical discharges, in part, reflects 
the relative uniformity of D5os and channel gradient across the sites. However, the 
fact that the hydraulic model was consistent in predicting similar critical discharges 
for these sites, despite their representing different hydraulic environments, lends 
strength to the research results. 
5.3.3 THE EFFECTS OF A LARGE FLOOD 
The effects of the February 1996 flood on the lower Deschutes River 
support the results of the critical discharge calculation and the prediction of general 
channel stability. 
The 1996 flood resulted in localized bedload transport and disturbance of 
vegetation, but did not significantly reorganize channel bars and other surfaces. 
Critical discharge calculations predicted the initiation of bedload transport at a 118 
discharge of about 340 m3/s at the Madras gage. The flood of 1996 had a 
maximum mean daily flow of about 510 m3 /s (Madras gage), a value exceeding 
predicted threshold transport conditions. Field evidence indicates that bedload 
transport did occur during the flood - consistent with model predictions. 
Although some bedload transport did occur during the 1996 flood, the lower 
Deschutes River did not experience much change in channel morphology. Because 
the Deschutes River lies within a deep canyon and has limited floodplain 
development, flood waters are generally prohibited from leaving the immediate 
vicinity of the main river channel. In many rivers, flood water that leaves the main 
channel can spread out onto a floodplain and reduce its velocity and, consequently, 
decrease its ability to entrain or carry sediment. The confinement of the Deschutes 
River would seem to imply that the force of flood waters would have little 
opportunity to dissipate, therefore, concentrating substantial amounts of energy on 
the channel bed and banks. The most visible effect of the historic 1996 flood, 
however, was the uprooting and breaking of large riparian vegetation, not changes 
in channel morphology. If the largest flood in 72 years fails to significantly alter 
channel morphology, it would seem that the Deschutes could be considered a very 
stable river. 
5.3.4 SENSITIVITY ANALYSES 
Sensitivity analyses were conducted to test the effects of errors in 
determining parameters fundamental to the hydraulic and bedload transport 
analyses. The results of sensitivity analysis of the hydraulic model are particularly 
important. If errors in parameters used in this model led to critical discharges that 
were estimated to be exceeded with great frequency, the results of this study might 
be considered less plausible. However, even in the case where all tested parameters 
were varied simultaneously to decrease the critical discharge, the resulting Q was 
still exceeded very infrequently. In both cases (the originally predicted value and 119 
the decreased value), critical discharge was exceeded less than one percent of the 
time during the period of record. In the case where parameters were varied to 
increase critical discharge, Q, was exceeded even less frequently. 
In the case of the bedload transport model, a simple estimate was made (see 
§ 4.4.2.) to see how much degradation would be needed to supply the bedload 
predicted to have moved through Site B during the February 1996 flood. With the 
assumption that the channel bed was the only source of material, around 7 cm of 
channel-bed degradation was necessary if the source area extended to the 
Reregulation Dam (3.380 m) and around 87 cm of degradation was required if the 
source area were more local (360 m). If the same calculation is performed using 
instead the transport rates obtained from the sensitivity analysis (when all three 
parameters were varied simultaneously to decrease or increase QT), the degradation 
required to supply the predicted bedload does not change substantially. In the first 
case (source up to Reregulation Dam), the required degradation would be around 6 
cm (if QT decreased) or 11 cm (if QT increased) -- or still representing around one 
"layer" of bed material. In the second case (local source area), the required 
degradation would be around 71 cm (if QT decreased) or 129 cm (if QT increased). 
In both the hydraulic and bedload transport analyses, the final results are not 
altered substantially by the introduction of potential errors in the examined 
parameters. 
5.3.5 CONCEPTUAL MODEL 
The conceptual model for this study (§ 2.1, Figure 2.1) outlined four end-
member cases in a continuum of channel response to altered sediment supply and 
water discharge. The Deschutes River, it was hypothesized, exemplified the end-
member case with low sediment supply and infrequent mobilizing flows (case 4). 
The results of analysis and field observations in this study lend support to this 
hypothesis. 120 
The channel characteristic to expect from this "low-low" end-member is 
gravel compaction (Figure 2.1). Huntington [meeting notes, 1994] described the 
cobble-gravel bed of the Deschutes River as very compacted. While conducting 
research on the Deschutes in 1983, Huntington [1985] broke three Mark VI 
groundwater standpipes and damaged driving rods trying to penetrate into the 
gravel. 
The three remaining end-member cases typify channel responses that 
include: (case 1) bed fining and a poorly armored channel; (case 2) bed scour, 
incision, bar and island erosion, and a well-armored bed; and (case 3) channel 
aggradation, and bar formation and development. Although the Deschutes River 
channel bed is armored and there is some evidence for minor erosion along channel 
margins and island perimeters and the channel bed [McClure, 1998], no large-scale 
bed scour, incision, and island destruction is apparent. The channel is neither 
aggrading, nor fining. Of the four end-members, the Deschutes appears closest to 
the case of low frequency and low sediment input (case 4). It must be remembered, 
however, that the conceptual model only describes four possible end-members but 
in reality involves a continuum of responses. The Deschutes River may not 
represent case 4 exactly but is probably close to that part of the continuum. 
5.4 Model Limitations 
Both the hydraulic and bedload transport models were limited by having 
only one particle size sample per study site. Critical discharges and bedload 
transport could not be calculated for individual transects because the particle size 
characteristics for each transect were not known. Time and the logistics of working 
on a large river prevented detailed particle size sampling. Therefore, hydraulic and 
bedload calculations were limited to site averages. 
Neither model accounted for the presence of vegetation. Aquatic 
vegetation (e.g., Ceratophyllum demersum) can bind the channel-bed surface and 
subsurface material with its root mass. One result of this binding is to locally 121 
increase the critical discharge and decrease bedload transport. Aquatic vegetation 
also acts as a baffle, trapping finer sediment (sands) and potentially affecting the 
channel-bed surface size distribution. The presence or absence of aquatic 
vegetation was noted during particle size measurement (Appendix G). Aquatic 
vegetation was not present at 9 of the original 10 sites sampled. In addition, the 
Parker [1990] bedload transport model excludes all material sand-sized and smaller 
from the calculations, so increased fines due to the presence of vegetation at a site 
should not have affected the outcome of the bedload transport analysis. 
Neither model accounted for compaction or cementation of the channel bed. 
A compacted or cemented bed requires greater shear stresses and, consequently, 
larger flows to initiate bedload transport, than those predicted in the absence of 
cementation or compaction. Higher discharges required to initiate transport would 
result in lower rates of transport. Without taking into account compaction or 
cementation, the critical shear stress estimates presented in this study underestimate 
critical discharge resulting in overestimation of bedload transport rates. 
5.4.1 HYDRAULIC MODEL 
The heterogeneity and complexity of streamflow found in all rivers do not 
meet the simplified hydraulic assumptions of one-dimensional, steady, gradually 
varied flow used in the computer model HEC-RAS. Rapidly varying flow resulting 
from flow obstructions or changes in channel morphology (e.g., contractions), and 
cross-channel or other non-one-dimensional flow may have been present in the 
river but not accounted for in the model. The reasoning behind several of the site 
selection criteria (e.g., no river bends) was to simplify channel hydraulics and 
minimize errors introduced to the model. In addition, the Deschutes River meets 
the assumption of steady flow much more closely than do many other rivers 
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5.4.2 BEDLOAD TRANSPORT MODEL  
Bed load transport models, like hydraulic models, are inherently limited by 
the necessary over-simplification of a complex, incompletely understood process 
[Kennedy, 1989]. Despite nearly 120 years of research since the first "modern" 
equation was presented by du Boys in 1879, the study of bedload transport remains 
an inexact science [Yalin, 1972; Gomez and Church, 1989]. Understanding of the 
mechanics of sediment transport and the fundamental laws that govern the motion 
of fluid and sediment is still limited [Bagnold, 1966; Yalin, 1972; Gomez and 
Church, 1989]. The difficulty in obtaining good field measurements of bedload has 
hindered the advancement of the science and the ability to adequately test theories 
that have been put forth [Gomez and Church, 1989]. This is especially true in the 
case of gravel-, cobble-, and boulder-bed streams where transport is often 
infrequent and difficult to predict [Reid et al., 1985]. The initial lack of field data 
led to the use of flume-based theoretical [Einstein, 1950] and semi-empirical 
[Shields, 1936; Meyer-Peter and Mueller, 1948] equations for the derivation of 
mathematical constants [Reid et al., 1985]. Flume experiments did not take into 
account conditions characteristic of gravel-bed streams (e.g., poorly-sorted bed 
material) and, therefore, are inappropriate to use in studies involving coarse 
material. 
Being an empirical, completely field-based relation for gravel-bed streams, 
the Parker [1990] model is believed to minimize the limitations currently inherent 
in the study of bedload transport for coarse-bedded streams. The data set on which 
the Parker relation was based is known for its high quality. Despite these 
advantages, it is recognized that limitations of understanding of bedload transport 
still exist and that the predicted results represent only first-order approximations of 
reality. 
Another limitation of bedload transport models is their lack of consideration 
of the temporal variability in the resistance of channel-bed particles to movement. 
Reid et al. [1985] hypothesized that the timing of the initiation of bedload transport 123 
is dependent on channel-bed antecedent conditions. If a channel bed remains 
undisturbed for a period of time (in their example, two to four months) the gravel 
framework is prone to settling and compaction, and the infiltration of fine particles 
into gravel interstices, and particle interlocking tends to increase [Reid et al., 1985]. 
This combination of factors renders the bed more resistant to transport. As a result, 
isolated events or the first potential transport event of the season must first loosen 
the gravel structure and winnow fines before substantial transport can occur [Reid 
et al., 1985]. The majority of material (over 90%) was observed to move on the 
falling limb of the hydrographs (after break-up of the armor layer), with little or no 
transport occurring during the rising limb of the hydrographs [Milhous, 1973; Reid 
et al., 1985]. Floods that occurred in close sequence were found to move 
substantial material on the rising limb of the hydrograph because the bed was no 
longer consolidated [Reid et al., 1985]. By not taking into account the potential 
increase in channel-bed resistance to transport with time since the last transport 
event, bedload transport models could over predict bedload transport rates, 
especially on the rising limb of the hydrograph. 
Although the Parker [1990] model did not take into account temporal 
variation in resistance to transport, the bedload transport analysis presented here 
attempted to do so. Bed load transport was calculated beginning at the predicted 
critical discharge. After transport initiation, bedload calculations were carried out 
until discharges fell below 280 m3/s. This lower value was chosen for ending the 
calculations based on the observation that predicted daily volumetric bedload 
transport (in m3) below 280 m3/s on the Deschutes River started falling into the 
single digits and, therefore, calculations based on discharges lower than this would 
not provide more information to the analysis. The bedload transport analysis, 
however, did not take into account increased resistance to transport on the rising 
limb of the hydrographs. Because it appears that the Deschutes River moves its 
material infrequently, increased resistance is likely to be an important factor in 
many transport events on the Deschutes and transport rates, consequently, were 
probably overestimated. 124 
In the study of coarse-bedded streams, the field-based Parker [1990] 
bedload transport model provides some important advantages over models derived 
from laboratory data (see § 3.4.2.1). However, a possible limitation of the Parker 
[1990] model is the relatively small size of Oak Creek, from which the majority of 
field data used to derive the model were obtained. The Deschutes River is around 
two orders of magnitude larger than Oak Creek (based on discharge ranges in Table 
3.2). How well the Parker [1990] model accounts for any bedload transport scaling 
effects is not currently known. However, although the Parker [1990] surface-based 
model has not been tested on rivers larger than Oak Creek, the Parker et al. [1982] 
subsurface-based model has. The Deschutes River appeared to have similar 
characteristics to those rivers for which the subsurface-based model was shown to 
provide a reasonable estimate of bedload transport (see § 3.4.2.1 and Parker et al., 
[1982]). 
5.5 Scale Limitations 
5.5.1 SPATIAL SCALE 
Selection of a primary study reach constrained the analyses to the upstream-
most 21 km of the 161 km-long study area. This spatial scale was too short for 
examination of the longitudinal patterns of bedload transport along the lower river 
as a whole. The roles of larger tributaries in altering any observed changes of 
transport with distance downstream, for example, could not be completely 
examined. Time limitations, however, did not allow for a comprehensive bedload 
transport analysis of the entire 161 km lower river. Based on other studies, the 
most pronounced and immediate changes in bedload transport resulting from river 
impoundment can be expected to occur directly downstream of the dam structure 
[Pens, 1980; Galay et al., 1985, Church, 1995]. 125 
5.5.2 TEMPORAL SCALE  
The results of this study show that the predicted frequency and magnitude of 
bedload transport have remained relatively low over the 72 years of record. Only 
four transport events have occurred over the last 31 years (post-dam). This does not 
translate into a large data set with which to evaluate dam-induced changes. 
Because of the natural infrequency of mobilizing flows in the Deschutes River and 
because any post-dam changes in discharge pattern have been subtle, rapid channel 
degradation or morphological change are not expected for the relatively stable 
gravel-cobble Deschutes River. 
Coarse-bedded rivers elsewhere have been shown to experience little or no 
degradation following impoundment because of the general infrequency of 
mobilizing flows [Petts, 1979; Church, 1995]. Although morphological changes 
following impoundment may be predicted for such rivers, change may not yet have 
occurred. Petts [1979] hypothesized that in such "non-mobile channels" a rare 
large flood, crossing some intrinsic threshold, may be required before adjustments 
will begin. Once the geomorphic threshold has been exceeded, a rapid phase of 
channel adjustment might ensue, redistributing channel and floodplain sediments. 
The rate of response, however, will be complicated and depend on the forces 
resisting erosion and the effectiveness of the regulated flow [Petts, 1979]. 
The Kemano River in the Coast Mountains of British Columbia provides an 
example of such a case. Water diverted from the Nechako River increased Kemano 
River flows by over three times that naturally found in the channel [Church, 1995]. 
Channel width and depth were predicted to increase as a result. The bed of the 
Kemano, however, is coarse (cobble-gravel) and well-imbricated, making its 
particles very difficult to entrain [Church, 1995]. Degradation following the 
diversion did not occur. Instead, the channel adjusted by eroding the much less 
resistant channel banks and islands, resulting in substantial channel widening. 
Twenty years following inception of the diversion there was a large storm that is 
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of the channel bed by 1 m occurred. Because of this apparent potential for the delay 
of initiation of channel adjustment, and because only 30 - 50 years have passed 
since most water storage structures were built, the ultimate effect of impounding 
rivers may not be realized for some time to come [Petts, 1980]. 
The flood of February 1996, with the largest peak discharge on record, was 
predicted to have produced transport rates much larger than those from any other 
event recorded for the lower Deschutes River. Subsequent field investigations in 
April, August, and September of 1996, however, did not reveal major 
morphological changes to the lower river. With one known exception, islands were 
not created or destroyed; bars did not substantially aggrade or degrade. Relatively 
small amounts of sand, gravel, and cobbles were added in some places and removed 
in others. The pre-flood morphology of the river was "edited." The 1996 flood did 
not appear to be the kind that was responsible for creating the bars and islands 
existing in the river today. The 72 years of streamflow records are apparently not 
long enough to capture major channel-reshaping events. 
Historical streamflow records for the Deschutes River extend back to near 
the beginning of the century. For the western United States, 72 years is a 
substantially long period of record. In terms of rivers and geologic time, 72 years is 
a small fraction of a river's life. According to a USGS flood frequency analysis of 
streamflow data from the Madras gage, the February 1996 flood had a recurrence 
interval of over 500 years for 1925  1955, and 80 90 years for 1964 - 1996 (which 
includes the two largest floods on record) [USGS, 1997a]. If this magnitude of a 
flood did not reshape the Deschutes River, how large of a flood would it take? 
How long would the record have to be to get a glimpse of the whole picture? One 
hundred years? One thousand years? Ten thousand years? Longer? 
Work by Smith [1991] in the structural (vs. fluvial) Deschutes basin shows 
evidence of an ancestral Deschutes River dating back to the late Miocene. This 
implies that the river, in some form, is at least 5 million, and up to 10 million, years 
old. The ancestral Deschutes did not follow exactly the same course as does the 
river today [Smith, 1991]. The older river was displaced at times by valley-filling 127 
lava flows, or in places by the eastward progradation of a vast alluvial plain 
associated with the building of the ancestral Cascade Mountains [Smith, 1991]. 
The Deschutes River, in its current location, might be on the order of one to several 
million years old (based on the dates of rock formations found at the top of the 
canyon.) Because a 100- to 500-year flood (February 1996) did not substantially 
reshape the Deschutes River, and given the age of the river, it is possible that events 
occurring very infrequently on a human time scale (e.g., on the order of thousands 
of years or more) are responsible for forming bars and islands and shaping the 
overall morphology of the river (e.g., expansions and contractions). 
Unlike the river today, the pre-historic Deschutes appears to have existed in 
a geologically dynamic environment that saw the building and collapse of the 
ancestral Cascade Mountains, the construction of the modern Cascades upon its 
predecessors, and the advance and retreat of Pleistocene glaciers. An active 
environment translated into a much more dramatic and varying supply of sediment 
and water and, therefore, presumably, much more active sediment transport. Time 
periods dominated by Cascade volcanic activity saw enormous volumes of material 
delivered to the ancestral Deschutes River [Smith, 1991]. During these times, 
rivers, presumably including the Deschutes, aggraded. Flood, debris flow, and 
hyperconcentrated flood flow deposits dominate the stratigraphy of the alluvial 
plain that lies to the east of the Cascade Mountains and to the west of the Deschutes 
River [Smith, 1991]. 
Inter-volcanic times were dominated by incision as the Deschutes and other 
rivers attempted to reestablish more "normal" profiles, consistent with periods of 
less extraordinary sediment input and discharge variability [Smith, 1991]. 
Alternating periods of syneruption aggradation and inter-eruption degradation are 
recorded in the geologic record by the distinctive facies geometry of erosively 
bounded sheets of flood and debris-flow deposits locally topped by paleosols 
[Smith, 1991]. 128 
The effect of glaciation on Deschutes River hydrology and sediment supply 
would be threefold. First, during glacial advances, colder temperatures would mean 
that a greater percentage of precipitation would occur as snow. Much of this snow 
might not melt, but rather be incorporated into glaciers and tied up as ice, thereby 
reducing the amount of water available for strearnflow. Second, during glacial 
retreat, streamflow would be augmented by glacial meltwater and sediment supply 
would have an additional source in the newly deposited glacial till. Finally, during 
periods when the Cascades were covered by large volumes of ice, any volcanic 
activity that occurred would result in huge mudflows delivering large quantities of 
sediment to the Deschutes River via its west-side (Cascade) tributaries [Grunder, 
personal communication]. 
It appears from the geologic record, that the largest supply of sediment to 
the Deschutes River has been sporadic and volcanic. During inter-volcanic times 
sediment supply would be relatively limited and, given sufficient discharges, the 
river might spend this time moving out the material delivered to it during the last 
eruptive episode [Grunder, personal communication]. Given this scenario, it is 
possible that sediment transport in the Deschutes during these inter-volcanic 
periods might have followed some sort of exponential decay between successive 
mass inputs of volcanic material, and that perhaps transport in the river has 
currently reached the "stable" tail end of the curve [Grunder, personal 
communication]. Or maybe the current form of the Deschutes was set by a 
relatively active, late-Pleistocene river, leaving the lower-flow, present-day 
Deschutes as a relic river, flowing in a channel it no longer has the means to mold. 
Or perhaps it is a combination of both scenarios. A better understanding of the 
basin's long-term sediment budget and a streamflow record spanning a longer time 
period would provide insight into the dominant process is shaping the river. 129 
5.6 Extrapolation of Results 
Field evidence, historical aerial photographs, and the conceptual model are 
consistent with the results of this study. These results were based on field data 
collected from the most simple hydraulic environment present within the 21-km 
primary study reach. Some evidence exists that average threshold transport 
conditions for contraction and expansions zones might be similar to those found in 
the straight zones (Table 4.2). The movement of bedload, however, becomes more 
complex if the channel banks are no longer straight and parallel. Extrapolation of 
the results to other straight zone sites within the primary study reach seems feasible. 
Extrapolation to contraction and expansion zones is not recommended until the 
analysis on those sites is completed and the consistency of the results examined. 
Beyond the primary study reach, the introduction of additional water and sediment 
via tributaries may further complicate the picture. A better understanding of the 
relation between sediment and water discharge regimes for the Deschutes River 
main stem and its tributaries is recommended before any results are extrapolated 
downstream of Trout Creek (RM 87.3). 
5.7 Implications of Results 
The results indicate that the present-day Deschutes River moves its bed 
relatively little and relatively infrequently compared to other rivers. The effects of 
the Pelton-Round Butte Dam Complex on streamflow and sediment transport, 
appear relatively minor, with the exception of those associated with capturing the 
peak of the 1964 flood as Round Butte reservoir was filling. It might follow then, 
that the largest effect the Dam Complex has had in the course of its history has been 
the capture of the December 1964 flood. 130 
The four-day delay in the flood peak at Madras increased the lag time 
between the mainstem and tributaries. Peak flows in the mainstem Deschutes (at 
Madras) usually lag tributary peak flows by one or two days, due, in part, to other 
dams upstream of the Dam Complex [Huntington, 1985]. During the 1964 flood, 
the typical two-day lag in peak flows was stretched to six days, with the highest 
mean daily flow occurring on the 28th of December at Madras and on the 22'd of 
December at Moody (Table 2.1). Moody flows represent the discharge of the 
mainstem Deschutes at Madras plus the input of the tributaries. The difference in 
the timing between mainstem and tributary high-flows in December 1964 has 
implications for sediment transport, and spawning habitat, in the lower reaches of 
the river (where the largest tributaries join the Deschutes). Future operation of the 
Dam Complex should consider the relative timing of peak flows between the 
regulated mainstem Deschutes and its unregulated tributaries. 
The effect of the Pelton-Round Butte Dam Complex on the December 1964 
flood, however, appears to be unique. It is unlikely that the Dam Complex will 
have the same effect on future large floods, so the substantial reduction and delay of 
streamflow and sediment transport was probably a one-time occurrence. It would 
seem that the largest chronic effect of the Dam Complex on the lower Deschutes 
River is the trapping of sediment behind the Complex. 
The lack of sediment sources between Pelton Reregulation Dam and Shitike 
Creek might imply that degradation, albeit at a very slow rate, would occur in this 
reach as bed material was moved out of the reach during transport events. Because 
bed material in the 16-64 mm range is predicted to be preferentially transported, 
rainbow and steelhead trout habitat over time might be depleted. (Rainbow and 
steelhead prefer particles in the 6.4 to 76.2 mm size range). If slight increases in 
transport event flood peaks due to the Dam Complex continue, the rate of 
degradation in this upper-most reach would also be expected to increase (though by 
a very small amount). In addition, changes in the hydrograph (see § 4.4.2) might 
lead to changes in suspended sediment transport and ecological parameters in this 
reach and further down stream. In terms of channel morphology, however, the 131 
results imply that the present form of the Deschutes River will continue to change 
very little over the course of our life times barring a catastrophic event the likes of 
which has not been seen during the 72 years the river has been gaged (e.g., a large 
Cascade volcanic eruption). 
The implications of a stable river on river regulation can go in two 
directions (in the context of bedload transport). A stable river might be able to 
withstand a relatively wide range of change in flows with little effect on the channel 
morphology (because the bed remains immobile). However, if change, by some 
means, is imposed on the river, the consequences may persist for a very long time. 132 
6 CONCLUSIONS AND RECOMMENDATIONS  
6.1 Conclusions 
The conclusions of this study are (1) bedload transport occurs very 
infrequently in the primary study reach, (2) transport rates are low over the period 
of record, and (3) the magnitudes of flood peaks and bedload transport following 
completion of the Pelton-Round Butte Dam Complex are slightly greater than or 
equal to those predicted in the absence of the Complex. No conclusion was made 
regarding the effect of the Dam Complex on the frequency of transport events but 
any effect that does exist appears to be relatively subtle. 
This study also shows that the impact of the Dam Complex on the flood of 
December 1964, which occurred while the Round Butte reservoir was still filling, is 
completely opposite to and more severe than any effects that the Complex has had 
on transport events since regular operation of the Dam Complex began soon 
thereafter. This finding leads to concurrence with the statement made by 
Huntington [1985] that one of the single largest effects of the Pelton-Round Butte 
Dam Complex on the quantity, quality, and distribution of spawning gravel in the 
lower Deschutes River was due to the water that was stored in Round Butte 
reservoir and the transport that was thus prevented during the December 1964 
flood. 
6.2 Recommendations for Future Study 
This study is a first step toward the evaluation of the effects of the Pe lton-
Round Butte Dam Complex on the frequency and magnitude of streamflow and 
bedload transport in the lower Deschutes River. While this study provides valuable 
insight to the transport characteristics in the primary study reach, further research 
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particularly contraction zones where shear stresses increase, and in the remainder of 
the lower Deschutes River. Improvements in field techniques and data collection 
will allow for more detailed modeling and better our understanding of the ways that 
bed material is moved through different hydraulic environments and the Deschutes 
River as a whole. Based on the work conducted for this study, the following 
recommendations are made with respect to future research: 
(1) Make particle size measurements over the entire width of the channel, 
preferably along individual transects. This might be accomplished by some sort of 
dredging, scuba diving, or by using some type of underwater camera arrangement. 
Better representation of particle size characteristics will allow for increased 
accuracy and precision in both the critical discharge and bedload transport 
predictions. Transect-specific measurements will allow for more detailed modeling 
of the movement of bed material through a site and along the river. 
(2) Refine measurements of cross-sectional profiles, water surface 
elevations, and discharges. Explore alternate methods for measuring cross sections 
in sites with either shallow water or swift flow (where the ADCP did not perform 
well). Measure water surface elevations with a high-precision global positioning 
system (GPS) and make measurements at a number of different discharges. A GPS 
would allow for transect-specific slope measurements that would improve the 
understanding of hydraulics and bedload transport within a site. Measurements 
made over a range of discharges would allow construction of a stage-discharge 
rating curve and provide more "known" points with which to test the hydraulic 
model. Site-specific discharge measurements would also improve a stage-discharge 
rating curve and the ability to model site-specific parameters. 
(3) Complete the hydraulic, bedload transport, and combined analyses for 
the contraction and expansion zone sites. Examine the results of this effort for 
longitudinal trends in bedload transport and effects related to the Pelton-Round 
Butte Dam Complex. Use the results of this effort to construct a model of sediment 
routing through the primary study reach. 134 
(4) Obtain bedload transport measurements to evaluate both the predicted 
critical discharge and the bedload size characteristics. With measurements of 
bedload the model proposed by Wilcock [1997] could be used and the results 
compared to those obtained using the Parker [1990] model. 
(5) Obtain site-specific subsurface particle size measurements (and if 
possible bedload measurements) in order to rederive the Parker models [1982, 
1990]. Recompute bedload transport values with constants derived for the 
Deschutes River and compare with the computations made in this study. This 
would provide some insight into the rigor of the Parker [1990] model on the 
Deschutes River and other rivers like it. 
(6) Recalculate hydraulic and bedload transport using different, suitable 
hydraulic and bedload transport models to see if they provide similar results to 
those produced using HEC-RAS and the Parker [1990] model. 
(7) Conduct similar analyses to those for this study at study sites distributed 
throughout the length of the lower Deschutes River to see how applicable results 
from the primary study reach are for the remainder of the lower river. 
(8) Examine discharges just below critical values to see if the Dam 
Complex affected discharge in such a way (e.g., storage of water during rising limb 
of the hydrograph) as to keep below threshold transport conditions discharges that 
would otherwise have exceeded critical discharge. 
(9) Complete a water budget for the basin and conduct statistical analyses 
on recorded streamflows to determine if there is any effect of Pelton-Round Butte 
and other water storage projects on the frequency of transport events. 
(10) Closely examine the timing and magnitude of tributary input of water 
and sediment during the December 1964 and February 1996 floods. 
(11) Conduct a similar study on an adjacent watershed (e.g., John Day) to 
see if a similar history of bedload transport is predicted for other nearby basins that 
do not have significant reservoir storage. 
(12) Synthesize results of this and other lower Deschutes River studies to 
evaluate the effects of the Dam Complex on downstream spawning habitat. 135 
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APPENDIX A: GEOLOGIC TIME SCALE  146 
Table A.1 Geologic time scale. (Modified from Judson et al [1987]). 
Millions of years 
Eon  Era  Period  Epoch  Duration  Before 
present 
Cenzoic  Quaternary  Holocene  0.01 
Pleistocene  2 
Mesozoic  Tertiary  Pliocene 
Miocene 
Oligocene  64 
Paleozoic  Eocene 
Paleocene 
66 
Cretaceous  78 
N 0 
a4  Jurassic  64 
0  Triassic  37 
c4 
a.,  245 
Permian  41 
Pennsylvanian'  34 
Mississippian  40 
Devonian  48 
Silurian  30 
Ordovician  67 
Cambrian  65 
570 
2500b 
a In most European and American literature, the Pennsylvanian and Mississippian are  
combined in period called the Carboniferous.  
b Oldest dated rocks are 4.2 billion years old. Earth is thought to be around 4.6 billion  
years old.  147 
Table A.2 Cenezoic time scale. (Ages after Haq et al. [1987] as cited in Prothero 
[1990]. Format modified from Summerfield [1991]). 
Age
Era  Period	  Epoch  Ma BP 
Holocene
Quaternary  0 
Pleistocene 
1.64 
Late 
3.50 Pliocene 
Early U  5.00 
Neogene  Late 0	  10.0 
N	  Miocene  Middle
0	  16.2 >, 
6.	  Early Z  a:	  25.2 
.:	  Late t.i.1 
U	  ,-.  Oligocene  30.0 
0)  Early 
E-4  36.0 
Late  39.4 
Paleogene  Eocene  Middle  49.0 
Early  54.0 
Late 
Paleocene	  60.2 
Early  66.5 148 
APPENDIX B: WATER PROJECTS IN THE DESCHUTES RIVER BASIN  149 
Data presented in this appendix are directly transcribed from Appendix A, Major 
Water Projects Affecting Deschutes River Basin Anadromous Salmonid Runs, 
Nehlsen,[1995]. 
Maximum 
Date  Project  Stream  Capacity (AF) Reference 
Deschutes River (mainstem above Pelton Reregulating Reservoir) 
1892  Cline Falls irrigation district  Deschutes  2 
1899  Swalley diversion  Deschutes  2 
1900  North Canal, Lone Pine  Deschutes  2 
diversions 
1900  Central Oregon Canal  Deschutes  2 
1900  Tumalo irrigation district  Tumalo Creek  2, 5 
1902  Walker Basin diversions  Little Deschutes  2 
1905  Arnold irrigation district  Deschutes  2 
1913  Tumalo irrigation district  Deschutes  2 
1913  Bend Power  Deschutes  100  1 
1913  Cline Falls  Deschutes  0  1 
1914  North Canal  Deschutes  2 
1922  Crane Prairie (original)  Deschutes  2 
1922  Crescent Lake (original)  Deschutes  2 
1940  Crane Prairie  Deschutes  55,000  1 
1942  Wickiup  Deschutes  200,000  1 
1946  North Unit Diversion  Deschutes  0  1, 5 
1947  Wickiup Dam  Deschutes  2 
1956  Crescent Lake  Little Deschutes  86,900  1 
1957  Haystack  Deschutes  6,000  1 
1957  Pe lton  Deschutes  37,300  1 
1958  Pe lton Reregulating  Deschutes  3,270  1 
1959  Jefferson Plywood Co.  Deschutes  63 *  1 
1961  Upper Tumalo  Tumalo Creek  1,100  1 
1964  Round Butte  Deschutes  535,000  1 
* abandoned 
Crooked River 
1866  First Diversion  4 
1910 ?  Cove power plant  Crooked River  3 
1921  Opal Springs  Crooked River  5 
1922  Ochoco  Ochoco Creek  52,900  1 
1929  Twelvemile  Twelvemile Creek  100  1 
1945  Camp Creek  W. Fk. Camp Creek  189  1 150 
Table (Continued) 
Maximum 
Date  Project  Stream  Capacity (AF) Reference 
Crooked River (continued)  
1945  Merwin  Watson Creek  166   1 
1948  Lillard  S. Fk. Twelvemile  494  1 
Creek  
1949  Twelvemile  Twelvemile Creek  150   1 
1950  Dick  Lost Creek  370  1 
1951  Dry Creek # 2  Dry Creek  370  1 
1953  Fisher  Lytle Creek  508  1 
1953  Bonnieview  Horse Heaven Creek  235  1 
1953  Logan Butte  N. Fk. Camp Creek  330  1 
1954  Maury Mountain  Camp Creek  532  1 
1955  King  Camp Creek  219  1 
1956  Barnes Butte  Ochoco Creek  300  1 
1959  Rickman's Camp Cr. #2  N. Fk. Camp Creek  606  1 
1959  Palmer  S. Fk. Beaver Creek  316  1 
1961  Bowman (Prineville)  Crooked River  153,000  1 
1962  Lytle Creek Diversion  Lytle Creek  0  1 
1964  Grindstone  Grindstone Creek  427  1 
1965  Antelope Flat  Bear Creek  1,793  1 
1968  Marks Lake  Marks Creek  52  1 
1970  Newsome Creek #1  Newsome Creek  95  1 
1985  Opal Springs  Crooked River  31  1 
Squaw Creek 
1871  First irrigation diversion  2 
1959  McKenzie Canyon  89  1 
1965  Squaw Creek irrigation  500  1 
district 
1968  Cyrus  68  1 
Metolius River  
1930  Suttle Lake power dam (5)  
References 
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5. U.S. Bureau of Reclamation Standing Operation Procedures for the specific 
project 151 
APPENDIX C: AERIAL PHOTOGRAPHS, PLAN-VIEW MAPS, AND  
CROSS-SECTIONAL PROFILES OF SITES A - J  152 
Straight-zone sites: B, D, H  Trout Creek 
Contraction-zone sites: C, F, G, I 
Expansion-zone sites: A, E, I, J 
0  2  J (RM 89.5, Sand Bar) 
km 
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Fornication Islands) 
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F (RM 93.0, No Camping Island) 
Dry Creek  11 E (RM 94.0, Luelling's Place) 
D (RM 96.1)  
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C (RM 97.8, Cushman's Corner)  
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Pelton Reregulation Dam 
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Figure C.1 Primary study reach and study sites A through J. Distance of each 
site (in River Miles (RM)) from the mouth of the Deschutes River noted in 
parentheses. (Base map from Appel [1986].) 153 
Figure C.2 Site A (RM 99.0, Disney Island) - expansion zone. Photo # 1188, taken 
6/24/95 for PGE, original scale 1:2,000. 154 
0  40 
Al 
m 
transect 
0 
road 
vegetation 
<77) island 
particle sample 
location & direction 
of sampling 
Figure C.3 Plan-view map of Site A (RM 99.0, Disney Island) from mylar 
trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 155 
Figure C.4 Site B (RM 98.0, Bushes and Brambles) - straight zone. Photo # 1174, 
taken 6/24/95 for PGE, original scale 1:2,000. 156 
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Figure C.5 Plan-view map of Site B (RM 98.0, Bushes and Brambles) from 
mylar trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 157 
450  
Transect B1  
400 
450  
Transect B2  
0 
400 
450  
Transect B3  
5  
0 
400 
450  
Transect B4  
O 
yr  
400  
0  90  
Distance from Left Bank (m)  
Figure C.6 Cross-sectional profiles for Site B (RM 98.0). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 158 
Figure C.7 Site C (RM 97.8, Cushman's Corner) - contraction zone. Photo # 1172, 
taken 6/24/95 for PGE, original scale 1:2,000. 159 
Figure C.8 Plan-view map of Site C (RM 97.8, Cushman's Corner) from 
mylar trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 160 
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Figure C.9 Cross-sectional profiles for Site C (RM 97.8). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 161 
Figure C.10 Site D (RM 96.1, New Island) - straight zone. Photo # 1152, taken 
6/24/95 for PGE, original scale 1:2,000. 162 
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Figure C.11 Plan-view map of Site D (RM 96.1, New Island) from mylar 
trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 163 
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Figure C.12  Cross-sectional profiles for Site D (RM 96.1). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 164 
Figure C.13 Site E (RM 94.0, Luelling Place) - expansion zone. Photo # 1114, taken 
6/24/95 for PGE, original scale 1:2,000. 165 
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Figure C.14 Plan-view map of Site E (RM 94.0, Luelling Place) from mylar 
trace of 6/24/95, 1:2,000, aerial photograph taken for PGE. 
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Figure C.15 Cross-sectional profiles for Site E (RM 94.0). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 
390 107 
Figure C.16 Site F (RM 93.0, No Camping Island) - contraction zone. Photo # 1106, 
taken 6/24/95 for PGE, original scale 1:2,000. 168 
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Figure C.17 Plan-view map of Site F (RM 93.0, No Camping Island) from 
mylar trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 169 
Figure C.18 Site G (RM 92.5, Wood Cemetary) - contraction zone. Photo # 1093, 
taken 6/24/95 for PGE, original scale 1:2,000. 170 
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Figure C.19 Plan-view map of Site G (RM 92.5, Wood Cemetary) from 
mylar trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 171 
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Figure C.20 Cross-sectional profiles for Site G (RM 92.5). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 172 
Figure C.21 Site H (RM 90.4, Fornication Islands) - straight zone. Photo # 1073, 
taken 6/24/95 for PGE, original scale 1:2,000. 173 
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Figure C.22 Plan-view map of Site H (RM 90.4, Fornication Islands) from 
mylar trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 174 
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Figure C.23 Cross-sectional profiles for Site H (RM 90.4). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 175 
Figure C.24 Site I (RM 90.2, Frog Springs) - combination contraction/expansion zone. 
Photo # 1071, taken 6/24/95 for PGE, original scale 1:2,000. 176 
Figure C.25 Plan-view map of Site I (RM 90.2, Frog Springs) from mylar 
trace of 6/24/95, 1:2,000, aerial photographs taken for PGE. 177 
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Figure C.26 Cross-sectional profiles for Site I (RM 90.2). Water surface elevations 
are shown for September 1995 (solid line) and February 1996 (dashed line). 178 
Figure C.27 Site J (RM 89.5, Sand Bar) - expansion zone. Photo # 1059, taken 
6/24/95 for PGE, original scale 1:2,000. 179 
Figure C.28 Plan-view map of Site J (RM 89.5, Sand Bar) from mylar trace 
of 6/24/95, 1:2,000, aerial photographs taken for PGE. 180 
APPENDIX D: PARTICLE PARAMETERS MEASURED FOR  
NELSON'S [1993] MODEL TOOLBOX  181 
Nelson's model TOOLBOX requires that seven measurements be made per 
particle sampled. Measurements of the area of exposure as well as protrusion of the 
gravel into stream flow are made while the particle is still in place on the channel 
bed. This is accomplished by noting the downstream (x), cross-stream (y), and 
vertical (z) lengths of the rock and its exposure relative to the upstream adjacent 
particle (Figures D.1 and D.2). The three remaining particle measurements (long 
(a), intermediate (b), and short (c) axes ) can be taken once the particle is removed 
from the channel bed. The dimensions measured provide an estimate of the energy 
extracted from the flow by water moving over the gravel bed. The remaining 
energy is available to do work on the gravel bed. 
Figure D.1 Plan view of channel bed showing cross-stream and downstream 
length measurements. 182 
Figure D.2 Cross-section view of the channel bed showing vertical length and 
exposure measurements. 183 
APPENDIX E: EXAMPLE CALCULATION OF PARAMETERS FOR USE  
WITH HEC-RAS: SITE B (RM 98.0), SEPTEMBER 1995  E.1 Reach Length 
Transect  Dist btwn  Dist btwn  Tot d.s. dist  USGS  Dist btwn  Dist btwn  Tot d.s. dist  USGS 
trnscts - trnscts - from B1  Elevation  trnscts  trnscts - from B1  Elevation 
photo (cm)  grnd (cm)  RL (m)  (m) RL  photo (cm)  grnd (cm)  RR (m)  (m) RR 
B1  0  0  0  416.91  0  0  0  416.96 
B2  1.95  3900  39  416.92  2.00  4000  40  416.90 
B3  1.95  3900  78  416.91  2.00  4000  80  416.91 
B4  2.00  4000  118  416.87  2.25  4500  125  416.88 
data derived from lwr deschutes air photo 1174, 6/24/95, 1:2000, taken for PGE 
Reach lengths:  Transect  [  RL (m)  [ RR (m) 
B1  39 40 
82  39 40 
B3  40 45 
B4 0  0 185 
E.2 Slope 
September 1995 
Water Surface Slope 
River  I Tot dist  I  USGS  Transect  Ave tot  Elev from 
bank  I  x (m)  IWSE y (m)  dist x (m)  regrsn y (m) 
RL  0  416.91  B1  0  416.93  
39  416.92  B2  39.5  416.91  
78  416.91  B3  79.0  416.90  
118  416.87  B4  122  416.88 
RR  0  416.96  B1 
40  416.90  B2  equation of rE gression line: 
80  416.91  B3  y = -0.0004x + 416.93 
125  416.88  B4 
Energy Slope 
Transect I  regrsn  Ave  Area  v2/2g  Tot energy 
elev (m)  Q (m3/s)  (m2)  (m)  elev (m) 
B1  416.93  96.28  69.4  0.098  417.03  
B2  416.91  96.28  70.2  0.096  417.01  
B3  416.90  96.28  87.3  0.062  416.96  
B4  416.88  96.28  88.1  0.061  416.94  
River  Energy Grade Line Points  
bank  Tot dist  Tot energy  Transect  Ave tot  Tot energy  Approx slope  
x (m)  elev (m)  dist x (m)  elev (m)  (m/m)  
RL  0  417.03  B1  0  417.03  -0.0005 B1 to B2 
39  417.01  B2  39.5  417.01  -0.0013 B2 to B3 
78  416.96  B3  79.0  416.96  -0.0004 B3 to B4 
118  416.94  B4  122  416.94  -0.0004 B3 to B4 
RR  0  417.03  B1  
40  417.01  B2  energy grade line  
80  416.96  B3  y = -0.0008x + 417.03  
125  416.94  B4  energy slope = 0.0008  186 
Site  Year  1_  Slope  I Regression Equation  R2 
1995  water  y = -0.0004x + 416.93  0.63 
B  energy  y = -0.0008x + 417.03  0.95 
1996  water  y = -0.0033x + 419.44  0.01 
energy  y = -0.0035x + 419.80  0.98 
1995  water  y = -0.0012x + 416.61 
C  energy  y = -0.0011x + 416.66 
1996  water  y = -0.0040x + 419.33 
energy  y = -0.0032x + 419.49 
1995  water  y = -0.0027x + 413.62  0.70 
D  energy  y = -0.0022x + 413.71  0.98 
1996  water  y = -0.0061x + 415.75  0.71 
energy  y = -0.0054x + 416.07  0.99 
1995  water  y = -0.0023x + 407.86  0.41 
E  energy  y = -0.0023x + 407.93  0.98 
1996  water  y = -0.0029x + 410.16 
energy  _y = -0.0041x + 410.39  0.97 
1995  water  y = -0.0011x + 404.99  0.12 
G  energy  y = -0.0010x + 405.01  0.95 
1996  water  y = -0.0025x + 407.29 
energy  y = -0.0012x + 407.33  0.70 
1995  water  y = -0.0011x + 400.40  0.50 
H  energy  y = -0.0004x + 400.43  0.84 
1996  water  y = -0.0019x + 402.76  0.96 
energy  y = -0.0010x + 402.91  0.94 
1995  water  y = -0.0017x + 399.43 
I  energy  y = -0.0019x + 399.55  0.95 
1996  water  y = -0.0020x + 402.76 
energy  y = -0.0028x + 402.46  0.90 187 
E.3 Area 
Area was calculated by summing incremental areas based on incremental widths 
and local depths. 
(x  ,  ha)  (x2, y2a)  v 
(x0, yo) 
A2 
(3(1, Ylb) 
channel bed 
(x2, Y2b) 
Distance 
AI=0.5hb 
h 
b 
A, = 0.5 (x,  xo)(Yla  Yib) 
a 
A2=0.5h(a+b) 
h 
A, = 0.5 (x2- xi)Rha  Yib)  (ha Y2b)] 188 
Table E.1 Example calculation of cross-sectional area for transect B1 
(September 1995). 
tot horiz  ground  water  area of  tot horiz  ground  water  area of 
dist RL to  elev (m)  surface  trapeziod  dist RL to  elev (m)  surface  trapeziod 
RR (m)  B1 44R  elev (m)  (or triangle)  RR (m)  B1 44R  elev (m)  (or triangle) 
(x)  (y)  B1 (y)  (m2) 95  (x)  (y)  81 ()I)  (m2) 95 
10.22  416.93  416.93  26.87  416.33  416.93  0.43 
10.44  416.80  416.93  0.01  27.09  416.32  416.93  0.13 
10.52  416.77  416.93  0.01  27.18  416.32  416.93  0.05 
11.29  416.48  416.93  0.23  27.59  416.31  416.93  0.25 
11.63  416.37  416.93  0.17  28.32  416.28  416.93  0.46 
11.83  416.33  416.93  0.12  28.49  416.28  416.93  0.11 
12.05  416.29  416.93  0.14  28.56  416.27  416.93  0.05 
12.81  416.28  416.93  0.49  29.04  416.26  416.93  0.32 
12.85  416.28  416.93  0.03  29.43  416.25  416.93  0.26 
13.57  416.31  416.93  0.46  29.76  416.24  416.93  0.23 
14.07  416.32  416.93  0.31  29.95  416.23  416.93  0.13 
14.33  416.33  416.93  0.16  30.49  416.22  416.93  0.38 
15.08  416.35  416.93  0.44  30.65  416.21  416.93  0.11 
15.30  416.36  416.93  0.13  31.21  416.18  416.93  0.41 
15.84  416.38  416.93  0.30  31.33  416.18  416.93  0.09 
16.52  416.40  416.93  0.37  31.93  416.15  416.93  0.46 
16.60  416.40  416.93  0.04  32.17  416.15  416.93  0.19 
17.36  416.42  416.93  0.40  32.44  416.14  416.93  0.21 
17.74  416.43  416.93  0.19  32.66  416.14  416.93  0.17 
18.12  416.44  416.93  0.19  32.71  416.14  416.93  0.04 
18.87  416.46  416.93  0.36  32.79  416.14  416.93  0.06 
18.97  416.46  416.93  0.05  32.97  416.13  416.93  0.14 
19.63  416.45  416.93  0.31  33.38  416.12  416.93  0.33 
19.73  416.45  416.93  0.05  33.48  416.12  416.93  0.08 
20.26  416.44  416.93  0.26  33.61  416.11  416.93  0.11 
20.32  416.44  416.93  0.03  33.66  416.10  416.93  0.04 
20.36  416.44  416.93  0.02  33.90  416.09  416.93  0.20 
20.70  416.43  416.93  0.17  34.10  416.08  416.93  0.17 
21.02  416.41  416.93  0.16  34.10  416.08  416.93  0.00 
21.08  416.41  416.93  0.03  34.20  416.07  416.93  0.09 
21.39  416.40  416.93  0.16  34.83  416.04  416.93  0.55 
21.64  416.39  416.93  0.13  35.39  416.01  416.93  0.51 
21.80  416.39  416.93  0.09  35.48  416.01  416.93  0.08 
22.53  416.38  416.93  0.40  35.55  416.00  416.93  0.06 
23.03  416.38  416.93  0.28  35.64  416.00  416.93  0.08 
23.25  416.38  416.93  0.12  35.86  415.99  416.93  0.21 
23.98  416.37  416.93  0.41  36.27  415.97  416.93  0.39 
24.41  416.37  416.93  0.24  36.28  415.97  416.93  0.01 
24.49  416.37  416.93  0.04  36.37  415.96  416.93  0.09 
24.70  416.37  416.93  0.12  36.80  415.94  416.93  0.42 
25.42  416.36  416.93  0.41  36.86  415.94  416.93  0.06 
25.80  416.36  416.93  0.22  37.00  415.93  416.93  0.14 
26.14  416.35  416.93  0.20  37.35  415.90  416.93  0.36 189 
Table E.1 (Continued) 
tot horiz  ground  water  area of  tot horiz  ground  water  area of 
dist RL to  elev (m)  surface  trapeziod  dist RL to  elev (m)  surface  trapeziod 
RR (m)  B1 44R  elev (m)  (or triangle)  RR (m)  B1 44R  elev (m)  (or triangle) 
(x)  (y)  B1 (y)  (m2) 95  (x)  (y)  B1 (y)  (m2) 95 
37.37  415.90  416.93  0.02  52.77  414.97  416.93  1.12 
37.72  415.87  416.93  0.37  52.92  414.95  416.93  0.30 
38.25  415.83  416.93  0.57  53.47  414.91  416.93  1.10 
38.31  415.82  416.93  0.07  53.64  414.91  416.93  0.34 
38.44  415.81  416.93  0.14  54.36  414.89  416.93  1.46 
39.17  415.76  416.93  0.84  54.86  414.87  416.93  1.03 
39.64  415.73  416.93  0.56  55.09  414.86  416.93  0.47 
39.81  415.72  416.93  0.20  55.81  414.83  416.93  1.50 
39.89  415.71  416.93  0.10  56.16  414.81  416.93  0.74 
40.62  415.67  416.93  0.91  56.25  414.81  416.93  0.19 
41.02  415.64  416.93  0.51  56.53  414.80  416.93  0.60 
41.34  415.62  416.93  0.42  57.26  414.76  416.93  1.57 
42.06  415.58  416.93  0.96  57.63  414.72  416.93  0.81 
42.41  415.56  416.93  0.48  57.98  414.67  416.93  0.78 
42.63  415.55  416.93  0.30  58.09  414.66  416.93  0.25 
42.78  415.54  416.93  0.21  58.54  414.63  416.93  1.03 
43.51  415.50  416.93  1.03  58.56  414.62  416.93  0.05 
43.79  415.49  416.93  0.40  58.70  414.61  416.93  0.32 
44.23  415.47  416.93  0.64  58.83  414.60  416.93  0.30 
44.96  415.43  416.93  1.08  59.01  414.59  416.93  0.42 
45.16  415.42  416.93  0.30  59.21  414.58  416.93  0.47 
45.18  415.42  416.93  0.03  59.43  414.57  416.93  0.52 
45.68  415.40  416.93  0.76  60.15  414.57  416.93  1.70 
46.40  415.37  416.93  1.11  60.39  414.58  416.93  0.57 
46.55  415.36  416.93  0.23  60.87  414.60  416.93  1.12 
46.77  415.35  416.93  0.35  60.98  414.60  416.93  0.26 
47.13  415.34  416.93  0.57  61.53  414.55  416.93  1.30 
47.85  415.31  416.93  1.16  62.17  414.56  416.93  1.52 
47.94  415.30  416.93  0.15  62.82  414.65  416.93  1.51 
48.57  415.27  416.93  1.04  62.83  414.65  416.93  0.02 
48.79  415.26  416.93  0.37  63.46  414.77  416.93  1.40 
49.30  415.24  416.93  0.86  64.11  414.85  416.93  1.38 
49.32  415.24  416.93  0.03  64.75  414.96  416.93  1.30 
50.02  415.20  416.93  1.20  65.40  415.12  416.93  1.23 
50.71  415.16  416.93  1.21  66.03  415.58  416.93  1.00 
50.74  415.16  416.93  0.05  66.04  415.60  416.93  0.01 
50.90  415.15  416.93  0.28  66.16  415.78  416.93  0.15 
50.92  415.15  416.93  0.04  66.58  416.44  416.93  0.34 
50.95  415.14  416.93  0.05  66.68  416.59  416.93  0.04 
51.38  415.11  416.93  0.78  67.34  416.77  416.93  0.17 
51.47  415.10  416.93  0.16  67.88  416.92  416.93  0.05 
51.62  415.08  416.93  0.28  67.90  416.93  416.93  0.00 
52.09  415.04  416.93  0.88  TOTAL  69.36 
52.19  415.03  416.93  0.19 190 
E.4 Wetted Perimeter 
Wetted perimeter was calculated by summing the lengths of the segments of channel 
bed that were submerged (whose y value was less than that of the water surface). This 
was done by using a standard length of line calculation as shown below. 
(( , yia)  (x2, y2.,)  Q 
(xo, yo)  Al 
c A2 0 
174 
a) 
(x1, Yu)) 
channel bed 
(x2, y2b) 
Distance 
Segment length = N (x2  x1)2 + (Y2b  Yib)2 
Wetted perimeter =E  segment lengths 191 
Table E.2 Example calculation of wetted perimeter for transect B1 
(September 1995). 
tot horiz  ground  wetted  tot horiz  ground  wetted 
dist RL to  elev (m)  perimeter  dist RL to  elev (m)  perimeter 
RR (m)  B1 44R  (m)  RR (m)  B1 44R  (m) 
(x)  (y)  B1 1995  (x)  (y)  B1 1995 
10.22  416.93  26.87  416.33  0.73 
10.44  416.80  0.26  27.09  416.32  0.22 
10.52  416.77  0.09  27.18  416.32  0.09 
11.29  416.48  0.82  27.59  416.31  0.41 
11.63  416.37  0.36  28.32  416.28  0.73 
11.83  416.33  0.20  28.49  416.28  0.17 
12.05  416.29  0.22  28.56  416.27  0.07 
12.81  416.28  0.76  29.04  416.26  0.48 
12.85  416.28  0.04  29.43  416.25  0.39 
13.57  416.31  0.72  29.76  416.24  0.33 
14.07  416.32  0.50  29.95  416.23  0.19 
14.33  416.33  0.26  30.49  416.22  0.54 
15.08  416.35  0.75  30.65  416.21  0.16 
15.30  416.36  0.22  31.21  416.18  0.56 
15.84  416.38  0.54  31.33  416.18  0.12 
16.52  416.40  0.68  31.93  416.15  0.60 
16.60  416.40  0.08  32.17  416.15  0.24 
17.36  416.42  0.76  32.44  416.14  0.27 
17.74  416.43  0.38  32.66  416.14  0.22 
18.12  416.44  0.38  32.71  416.14  0.05 
18.87  416.46  0.75  32.79  416.14  0.08 
18.97  416.46  0.10  32.97  416.13  0.18 
19.63  416.45  0.66  33.38  416.12  0.41 
19.73  416.45  0.10  33.48  416.12  0.10 
20.26  416.44  0.53  33.61  416.11  0.13 
20.32  416.44  0.06  33.66  416.10  0.05 
20.36  416.44  0.04  33.90  416.09  0.24 
20.70  416.43  0.34  34.10  416.08  0.20 
21.02  416.41  0.32  34.10  416.08  0.00 
21.08  416.41  0.06  34.20  416.07  0.10 
21.39  416.40  0.31  34.83  416.04  0.63 
21.64  416.39  0.25  35.39  416.01  0.56 
21.80  416.39  0.16  35.48  416.01  0.09 
22.53  416.38  0.73  35.55  416.00  0.07 
23.03  416.38  0.50  35.64  416.00  0.09 
23.25  416.38  0.22  35.86  415.99  0.22 
23.98  416.37  0.73  36.27  415.97  0.41 
24.41  416.37  0.43  36.28  415.97  0.01 
24.49  416.37  0.08  36.37  415.96  0.09 
24.70  416.37  0.21  36.80  415.94  0.43 
25.42  416.36  0.72  36.86  415.94  0.06 
25.80  416.36  0.38  37.00  415.93  0.14 
26.14  416.35  0.34  37.35  415.90  0.35 192 
Table E.2 (Continued) 
tot horiz  ground  wetted  tot horiz  ground  wetted 
dist RL to  elev (m)  perimeter  dist RL to  elev (m)  perimeter 
RR (m)  B1 44R  (m)  RR (m)  B-1 44R  (m) 
(x)  (y)  B1 1995  (x)  (y)  B1 1995 
37.37  415.90  0.02  52.77  414.97  0.58 
37.72  415.87  0.35  52.92  414.95  0.15 
38.25  415.83  0.53  53.47  414.91  0.55 
38.31  415.82  0.06  53.64  414.91  0.17 
38.44  415.81  0.13  54.36  414.89  0.72 
39.17  415.76  0.73  54.86  414.87  0.50 
39.64  415.73  0.47  55.09  414.86  0.23 
39.81  415.72  0.17  55.81  414.83  0.72 
39.89  415.71  0.08  56.16  414.81  0.35 
40.62  415.67  0.73  56.25  414.81  0.09 
41.02  415.64  0.40  56.53  414.80  0.28 
41.34  415.62  0.32  57.26  414.76  0.73 
42.06  415.58  0.72  57.63  414.72  0.37 
42.41  415.56  0.35  57.98  414.67  0.35 
42.63  415.55  0.22  58.09  414.66  0.11 
42.78  415.54  0.15  58.54  414.63  0.45 
43.51  415.50  0.73  58.56  414.62  0.02 
43.79  415.49  0.28  58.70  414.61  0.14 
44.23  415.47  0.44  58.83  414.60  0.13 
44.96  415.43  0.73  59.01  414.59  0.18 
45.16  415.42  0.20  59.21  414.58  0.20 
45.18  415.42  0.02  59.43  414.57  0.22 
45.68  415.40  0.50  60.15  414.57  0.72 
46.40  415.37  0.72  60.39  414.58  0.24 
46.55  415.36  0.15  60.87  414.60  0.48 
46.77  415.35  0.22  60.98  414.60  0.11 
47.13  415.34  0.36  61.53  414.55  0.55 
47.85  415.31  0.72  62.17  414.56  0.64 
47.94  415.30  0.09  62.82  414.65  0.66 
48.57  415.27  0.63  62.83  414.65  0.01 
48.79  415.26  0.22  63.46  414.77  0.64 
49.30  415.24  0.51  64.11  414.85  0.65 
49.32  415.24  0.02  64.75  414.96  0.65 
50.02  415.20  0.70  65.40  415.12  0.67 
50.71  415.16  0.69  66.03  415.58  0.78 
50.74  415.16  0.03  66.04  415.60  0.02 
50.90  415.15  0.16  66.16  415.78  0.22 
50.92  415.15  0.02  66.58  416.44  0.78 
50.95  415.14  0.03  66.68  416.59  0.18 
51.38  415.11  0.43  67.34  416.77  0.68 
51.47  415.10  0.09  67.88  416.92  0.56 
51.62  415.08  0.15  67.90  416.93  0.02 
52.09  415.04  0.47  TOTAL  58.67 
52.19  415.03  0.10 E.5 Discharge  
Discharges for 1995 were determined for the day(s) that the hand surveys were conducted at each site.  
1995 
Date  Madras gage 
discharge 
(m3/s) 
8/22/95  96.35 
8/23/95  97.77 
8/24/95 
104.3 cms 
8/28/95  104.9 
8/29/95  102.2 
1996 
Date 
2/8/96  I 
Transects  
Srvy crew 1  
All Site A RR 
A5-A8 RL 
A1-A5 RL 
all Site E RR 
all Site E RL, 
all Site J RR, 
J1-J4 RL 
all Site G 
J5 RL 
part Site I 
Madras gage 
discharge 
(m3 /s)  
509.7 
Surveyed  
Srvy crew 2  
Site B, Site C  
part Site D  
rest of Site 0  
part Site F  
rest of Site F  
H1-H3,  
both banks??  
H4,  
part Site I  
rest of Site I  
Shitike Cr. 
discharge 
(m3 /s)  
75.9  I 
Shitike Cr. 
discharge 
(m3/s) 
1.02 
0.99 
0.99 
0.91 
0.91 
Q downstream 
of Shitike Cr. 
(m3 /s)  
585.6 
Q downstream 
of Shitike Cr. 
(m3/s) 
97.3 
98.69 
105.2 
105.7 
102.9 
Site 
A 
B 
C 
D 
E 
G 
H 
I 
1995 
I  Discharge 
(m3/s) 
96.99 
96.28 
96.28 
98.00 
101.95 
105.68 
105.32 
104.27 
1996 
Discharge 
(m3/s) 
509.7 
509.7 
509.7 
585.6 
585.6 
585.6 
585.6 
585.6 
to  
tw) E.6 Manning's Roughness Coefficient  
Manning's roughness coefficient is determined using Equation 1 (the Manning Equation).  
Transect  Discharge  Area  Velocity  Wetted  Hydraulic  Regressn  Regressn 
Sep-95  I  (m3/s)  (m2)  (m/s)  Perimtr (m)  Rad (m) 'Energy Slp  n  calibrated 
B1  96.28  69.4  1.39  58.7  1.18  -0.0008  0.023  none 
B2  96.28  70.2  1.37  55.6  1.26  -0.0008  0.024  needed 
B3  96.28  87.3  1.10  57.4  1.52  -0.0008  0.034 
B4  96.28  88.1  1.09  62.5  1.41  -0.0008  0.033 
Transect  Discharge  Area  Velocity  Wetted  Hydraulic  Regressn  Regressn 
Feb-96 I  (m3/s)  (m2)  (m/s)  Perimtr (m)  Rad (m)  Energy Sip  n  calibrated 
B1  509.7  227.7  2.24  62.5  3.64  -0.0035  0.063  0.055 
B2  509.7  210.8  2.42  69.5  3.03  -0.0035  0.051  0.060 
B3  509.7  227.2  2.24  66.8  3.40  -0.0035  0.060  0.060 
B4  509.7  230.2  2.21  71.0  3.24  -0.0035  0.059  0.059 195 
APPENDIX F: CHANNEL-BED SUBSURFACE PARTICLE SIZE DATA  Sieve # 
4 
3 
2 
1.5 
1 
0.75 
0.5 
0.375 
0.25 
4 
8 
16 
30 
50 
100 
200 
230 
pan 
TOTAL 
in mm 
101.6 
76.2 
50.8 
38.1 
25.4 
19.05 
12.7 
9.525 
6.35 
4.76 
2.38 
1.19 
0.59 
0.297 
0.149 
0.074 
0.062 
<0.062 
in phi 
-6.67 
-6.25 
-5.67 
-5.25 
-4.67 
-4.25 
-3.67 
-3.25 
-2.67 
-2.25 
-1.25 
-0.25 
0.76 
1.75 
2.75 
3.76 
4.01 
JCIH 
(grams) 
0.0 
5549.7 
10085.8 
5084.5 
5400.2 
2672.0 
3443.9 
2100.2 
3094.7 
1822.1 
4412.9 
2803.1 
685.2 
280.4 
87.0 
20.3 
4.0 
26.4 
47572.4 
JCIS 
(grams) 
18844.9 
1913.8 
4882.4 
4938.0 
5364.1 
4077.6 
5278.9 
3060.3 
4368.9 
2672.7 
6729.3 
5464.9 
2180.3 
1318.0 
416.8 
76.2 
13.6 
64.8 
71665.5 
DSIH 
(grams) 
7756.6 
6849.4 
5738.9 
2598.2 
6159.4 
3951.5 
5200.6 
3202.0 
4616.6 
2210.6 
4297.9 
2398.2 
1653.1 
2972.5 
1499.3 
234.8 
20.5 
56.1 
61416.1 
DSIS 
{grams) 
6434.8 
0.0 
7018.0 
5593.0 
8117.1 
4678.9 
5172.6 
2770.4 
3974.1 
2081.7 
4132.2 
2481.1 
1179.7 
1535.8 
614.7 
80.4 
8.0 
42.6 
55915.1 
LMIH 
(grams) 
14203.9 
4213.1 
2433.4 
1154.1 
3863.1 
3107.8 
4257.5 
2721.3 
4254.3 
2207.5 
4517.7 
3184.5 
2136.0 
951.7 
254.9 
44.7 
4.5 
16.7 
53526.7 
LMIS 
(grams) 
16524.6 
6509.5 
6403.9 
2511.7 
5403.7 
3393.2 
4690.9 
2194.8 
3051.4 
1403.4 
3181.3 
3115.5 
3226.7 
2184.3 
749.3 
151.1 
16.4 
62.3 
64774.0 
MCIH 
(grams) 
14183.0 
5592.7 
4622.3 
4008.2 
5123.5 
3661.4 
4530.4 
2182.1 
2377.9 
1186.1 
2599.4 
3258.3 
2598.4 
1476.9 
1783.3 
592.8 
49.7 
123.0 
59949.4 
MCIS 
(grams) 
3213.6 
3905.7 
4426.8 
2886.3 
4823.4 
4706.6 
5872.6 
3055.7 
3736.1 
1849.4 
4088.5 
5282.4 
3574.6 
1702.8 
1583.2 
411.8 
38.0 
108.4 
55265.9 
93IH 
(grams) 
6756.7 
5057.0 
7128.9 
3728.2 
5193.8 
3933.5 
5422.3 
3020.8 
4164.9 
1972.2 
4300.9 
4095.0 
2943.0 
2609.7 
1361.3 
258.7 
20.8 
63.2 
62030.9 
931S 
(grams) 
7777.4 
7929.4 
10208.5 
6429.5 
5884.3 
3990.5 
4890.9 
3081.1 
4329.1 
2138.1 
4384.0 
3657.4 
2738.5 
2922.7 
1622.8 
337.7 
23.1 
61.5 
72406.5 
JCI = Jackson's Island (RM 100)  all data is from summer of 1995 
GRB = Grate Bar (RM 99.5) 
DSI = Disney Island (RM 99.0) 
values = weight retained on sieve in grams 
LMI = Lumber Island (RM 96.9) 
MCI = Mecca Island (RM 94.9) 
followed by H = island head 
followed by S = main channel side of island 
931 = Island at RM 93 (No Camping Island) 
Data from Ellen M. McClure 
rn  Table (Continued) 
Sieve #  in mm  in phi  I  92IH  92IS  FRIH  FRIS  TCIH  TCIS  Total 
(grams)  (grams)  (grams)  (grams)  (grams)  (grams)  (grams) 
4  101.6  -6.67  4962.1  19716.3  10862.3  5254.0  0.0  0.0  95695.5 
3  76.2  -6.25  11679.7  4431.7  9101.5  6401.5  2027.6  9453.4  47520.3 
2  50.8  -5.67  7307.1  3815.9  21086.4  5251.8  9569.1  6357.6  103842.5 
1.5  38.1  -5.25  3758.0  2647.3  6197.6  4179.3  5568.3  3129.4  82100.0 
1  25.4  -4.67  4386.5  5729.3  10989.4  4995.7  4920.6  5528.2  108767.6 
0.75  19.05  -4.25  3585.8  4409.7  7228.2  3601.9  2481.0  3444.6  63687.2 
0.5  12.7  -3.67  4174.3  5675.0  10200.5  4817.2  2703.7  4136.4  85332.0 
0.375  9.525  -3.25  2136.6  3273.8  6200.6  2634.1  1779.0  2159.4  52155.4 
0.25  6.35  -2.67  2882.6  4563.0  8539.9  4109.5  2295.4  2853.2  69684.6 
4  4.76  -2.25  1702.7  2156.8  4451.5  1997.0  1460.2  1667.8  37733.9 
8  2.38  -1.25  4084.5  4704.3  8876.3  4060.7  4174.4  4310.5  67891.6 
16  1.19  -0.25  3636.8  3973.0  8722.6  3948.2  3212.6  3215.4  49182.9 
30  0.59  0.76  1858.9  2340.0  6963.0  3717.1  523.2  444.6  53135.3 
50  0.297  1.75  2328.4  2793.4  5124.2  3492.8  1492.2  807.4  44680.3 
100  0.149  2.75  1458.8  1933.2  2303.8  1669.0  2564.7  1216.9  25850.8 
200  0.074  3.76  318.2  433.9  424.4  276.6  744.0  386.9  18298.9 
230  0.062  4.01  27.0  30.7  41.7  18.3  49.7  39.9  11447.9 
pan  <0.062  66.0  76.9  152.0  61.3  98.6  94.5  3412.8 
TOTAL  60354.0  72704.2  127465.9  60486.0  45664.3  49246.1  604963.9 
921= Island at RM 92  all data is from summer of 1995 
FRI = Fornication Islands (RM 90.4)  values = weight retained on sieve in grams 
TCI = Trout Creek Island (RM 88.3) 
followed by H = island head 
followed by S = main channel side of island 
Data from Ellen M. McClure phi method  Approx 
Description  Size range  comparable  fi  Sbsrfc wt 
(mm)  US sieve range  retained (g) 
Very Fine Gravel  2.00-4.00  2.38-4.76  0.08  67891.6 
Fine Gravel  4.00-8.00  4.76-9.525  0.13  107418.6 
Medium Gravel  8.00-16.0  9.525-19.05  0.17  137487.5 
Coarse Gravel  16.0-32.0  19.05-38.1  0.21  172454.9 
Very Coarse Gravel  32.0-64.0  38.1-76.2  0.23  185942.6 
Small Cobble  64.0-90.5  76.2-101.6  0.06  47520.3 
Medium Cobble  90.5-128  101.6-127.0  0.12  95695.5 
Large Cobble  128-181 
Very Large Cobble  181-256  total 
Small Boulder  256-512  814410.9 199 
APPENDIX G: CHANNEL-BED SURFACE PARTICLE SIZE DATA AND  
PERCENT FINER CALCULATIONS  Table G.1 Particle size data for Site A (RM 99.0, Disney Island). Measurements taken on river right side of channel. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
1.0  2.0  6.7  6.3  3.1  3.1  8.1  8.8  N   A3B to A4R, 8/14/95 
1.3  6.0  9.0  2.0  12.0  3.4  11.5  13.0  N   measurements every 30 cm
1.6  0.0  6.1  5.8  3.6  4.1  7.9  9.0  Y  R  
1.9  4.2  11.0  7.9  11.5  8.8  14.2  15.7  Y  R  
2.2  16.0  25.0  11.0  17.5  17.0  18.5   29.0  Y  J  sand at dist= 2.5m, mjr veg 
2.8  -4.5  6.4  10.0  3.3   3.3  8.0  10.0  Y  J  
3.1  3.0  8.2  12.5  4.6  4.3  8.2  14.5  Y  J  
3.4  5.5  7.5  14.5  7.0  3.5  8.0  16.0  Y   J 
3.6  10.7  7.2  3.3  4.4  8.1  10.7  Y  J  
3.6  6.8  17.5  17.9  12.0  13.4  15.7  23.0  Y  J  
3.9  14.6  23.3  32.5  3.9  15.7  26.0  32.5  Y  J  
4.2  2.0  5.7  3.9  1.4  1.4  6.7  8.1  N 
1 
4.5  0.0  0.8  0.7  0.5  0.5  0.7  0.8  Y   R 
4.8  1.0  0.8  1.6  1.0  0.8  1.0  1.6  Y  R  
_ 5.1  1.7  2.8  4.1  2.0  2.0  2.8  4.1  Y  R  
_ 5.4  2.5  4.0  4.0  5.6  5.7  6.2  8.8  Y  R  
5.7  6.5  8.4  9.8  7.5   7.7  9.5  13.0  Y  J  ? for z value  
6.0  -1.4  2.4  3.2  2.0  2.0   2.3 3.2  Y  J  
6.3  2.2  11.7  10.8  5.1  5.8  12.5  18.7  Y  R  
6.6  4.5  6.1   9.2  4.5  3.8  6.5  10.3  Y  R  
6.9  1.7  1.5  2.8  1.7  1.0  1.8  2.8  Y   J 
7.2  0.3  3.2  2.5  1.5  1.5  2.7   3.2 Y  J  
7.5  -0.7  3.8  4.7  1.9  1.9   3.5 4.9  Y  J  
7.8	  3.7  8.0  10.2  9.8  8.2  14.7  18.2  Y  J  
_  8.1  1.0  2.3  1.5  1.2  1.2  1.5  2.5  Y  J  
8.4  1.1  1.2  1.5  1.1   1.0 1.2 1.7  Y  J  Table G.1 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
8.7  0.0  3.8  4.0  3.5  3.0  4.2  5.5  Y  J 
9.0  1.8  6.5  9.0  4.1  4.1  9.7  12.6  Y  R 
9.3  -3.5  2.7  4.0  1.8  1.8  3.7  5.9  Y  R 
9.6  -0.5  6.5  6.8  2.1  2.1  10.4  13.6  Y  J 
9.9  3.2  7.1  8.5  4.0  4.0  7.1  10.5  Y  J 
10.2  -4.0  5.8  5.0  4.5  4.5  5.8  6.5  Y  R 
10.5  0.0  4.5  4.3  5.1  3.0  5.6  7.8  Y  J 
10.8  6.2  10.6  15.7  7.0  7.0  11.7  16.3  Y  J 
11.1  -6.0  7.2  4.4  5.4  4.4  6.3  8.5  Y  J 
11.4  -8.0  19.0  11.5  8.3  6.7  16.5  21.6  Y  J 
11.7  -13.0  3.0  3.5  2.5  2.5  4.0  6.2  N 
12.0  3.0  9.4  4.8  6.3  ,  5.0  7.9  19.1  Y  J 
12.3  3.2  5.0  10.0  5.5  5.5  7.8  14.4  Y  J 
12.6  4.0  7.5  8.0  5.2  5.2  9.0  12.0  Y  J 
12.9  3.5  11.0  9.3  7.0  5.7  10.8  18.8  Y  J 
13.2  3.2  10.5  8.2  6.0  6.0  10.3  12.5  N 
13.5  0.0  7.4  6.3  8.0  7.8  12.7  16.2  N 
13.8  6.5  5.7  6.6  5.8  5.8  8.6  10.3  N 
14.1  6.0  6.0  6.0  6.0  6.0  8.5  9.3  N 
14.4  8.0  14.0  17.0  8.0  5.0  14.3  21.4  N 
14.7  0.0  10.5  9.7  4.5  4.0  9.2  10.8  N 
15.0  4.0  6.6  8.3  4.0  3.5  6.7  10.3  N 
15.3  5.5  14.2  17.0  7.0  7.0  15.3  20.0  N 
15.6  4.8  13.0  6.8  4.7  4.7  9.5  13.6  N 
15.9  1.0  12.5  3.8  5.5  5.5  9.3  14.9  Y  J 
16.2  5.0  7.9  4.3  10.0  5.0  9.2  11.5  Y  J Table G.1 (Continued) 
Distance  Exposure  x  z  a  b y  c  veg?  veg role  Notes
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
16.5  4.7  8.3  4.2  6.3  4.8  9.3  14.7  Y  J 
16.8  7.5  14.3  8.1  6.5  5.3  13.2  16.2  Y  J 
17.1  -2.0  12.8  11.1  5.6  5.6  12.2  15.8  Y  J 
17.4  -5.0  14.6  18.9  12.7  12.7  18.8  23.9  N 
17.7  3.5  13.0  14.5  4.0  4.0  10.9  14.7  N 
18.0  4.2  8.4  9.7  3.4  3.4  8.2  12.3  N 
18.3  -0.3  7.1  5.8  3.8  3.8  9.2  9.6  N 
18.6  0.0  8.8  5.2  4.4  4.4  7.3  10.1  Y  R 
18.9  7.0  17.2  16.1  15.5  12.0  16.3  24.1  Y  J 
19.5  10.5  19.4  25.0  10.5  10.5  16.3  25.0  N 
20.1 
20.7 
-2.1 
0.0 
7.7 
8.1 
5.6 
6.2 
2.9 
8.6  , 
2.9 
8.2 
6.2 
8.6 
7.9 
14.1 
Y 
Y 
J 
J 
measurements every 60 cm 
21.3  -6.5  4.6  6.4  12.7  13.0  17.7  20.2  N 
21.9  1.2  16.0  19.5  6.0  6.0  16.4  20.2  N 
22.5  4.7  8.2  12.3  6.4  6.4  10.4  14.8  Y  J 
23.1 
23.7 
-2.2 
-3.0 
2.7 
5.2 
14.8 
3.1 
9.0 
2.5 
3.7 
2.4 
9.0 
5.5 
14.8 
5.9 
Y 
N 
R 
24.3  -1.0  11.1  7.7  11.7  11.2  15.5  16.8  N 
24.9  2.2  4.0  5.1  4.8  3.7  6.2  10.3  N 
25.5  -1.0  13.5  9.6  4.7  4.7  9.0  16.2  N 
26.1  0.0  6.5  5.2  3.6  3.6  6.5  7.0  N 
26.7 
27.3 
-6.1 
6.8 
6.2 
11.9 
8.5 
9.3 
3.9 
11.0 
3.9 
7.3 
5.6 
10.8 
9.7 
11.9 
Y 
Y 
R 
J 
27.9 
28.5 
1.0 
5.8 
5.4 
15.1 
7.0 
15.0 
6.1 
5.0 
5.8 
5.0 
8.2 
12.3 
10.4 
19.2 
Y 
N 
J 
29.1  3.0  2.1  3.9  3.0  2.0  3.0  3.9  Y  J  0 Table G.1 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
29.7  7.0  10.6  12.9  9.0  8.2  10.4  12.9  Y  R 
30.3  6.2  10.6  16.1  8.4  8.4  11.0  16.7  Y  R 
1.6 
2.2 
3.0 
-6.3 
3.3 
3.4 
5.0 
6.3 
3.0 
2.4 
2.4 
2.4 
2.6 
5.8 
7.5 
7.5 
N 
N 
-A7R to A6R, 8/16/95 
2.8  0.0  7.8  5.6  0.0  2.5  5.7  11.2  N 
3.4  4.8  0.2  5.6  4.8  2.3  5.4  8.6  Y  J 
4.0  0.0  8.2  5.3  2.2  3.8  6.2  9.2  Y  J 
4.6  -5.5  2.4  1.0  0.0  1.2  2.1  3.5  N 
5.2  -4.0  10.5  11.7  8.0  7.0  11.5  12.9  N 
5.8  3.0  9.4  5.6  4.3  5.8  6.0  12.7  N 
6.4  0.0  10.0  11.3  7.5  6.5  2.4  13.2  Y  R 
7.0  0.5  4.8  6.0  2.5  ,  4.7  6.9  9.2  Y  J 
7.6  0.0  5.0  5.4  2.7  5.3  8.9  10.7  Y  J 
8.2  4.1  10.8  12.0  4.7  8.8  10.3  14.9  N 
8.8  1.4  4.0  2.8  1.4  2.0  3.0  4.3  Y  R 
9.4  2.5  11.8  12.4  2.5  3.3  9.5  15.2  N 
10.0  0.0  23.7  8.2  4.7  6.4  11.7  24.0  N 
10.6  4.5  10.7  11.5  6.0  8.8  10.0  15.4  N 
11.2  0.6  3.7  3.0  0.6  1.4  2.9  4.5  N 
11.8  0.5  1.5  5.0  5.0  2.4  4.3  6.4  N 
12.4  0.0  9.1  8.0  3.5  2.8  7.8  9.9  N 
13.0  0.5  4.2  4.4  2.7  2.7  4.5  4.6  N 
13.6  6.5  11.7  15.2  14.0  8.8  12.3  16.4  N 
14.2  -2.0  2.8  5.7  2.8  1.8  4.4  6.2  N 
14.8  4.5  7.0  6.2  5.0  3.4  5.6  8.5  N 
15.4  -2.4  4.4  4.7  2.6  2.4  4.7  5.3  N  N.) O 
la Table G.1 (Continued) 
Distance 
on tape (m) 
Exposure 
(cm) 
x 
(cm) 
y 
(cm) 
z 
(cm) 
a 
(cm) 
b 
(cm) 
c 
(cm) 
veg?  veg role 
mJr/mnR 
Notes 
16.0  0.0  5.3  5.1  3.1  3.1  4.7  6.6  N 
16.6  4.0  8.5  5.6  4.0  2.5  6.7  9.0  Y  R 
17.2  -4.2  4.6  5.0  13.0  1.8  4.6  6.4  N 
17.8  1.7  9.0  9.5  1.7  2.7  8.5  11.9  Y  R 
18.4  -2.9  8.2  14.0  5.1  6.6  10.9  14.8  N 
19.0  1.4  6.3  4.9  1.4  1.4  5.5  6.5  Y  J 
19.6  -0.5  7.5  7.8  2.2  4.7  8.5  10.8  N 
20.2  1.3  7.0  8.2  4.5  2.9  7.3  8.4  Y  J 
_ 
20.8  -0.4  3.0  5.3  1.8  2.5  3.2  6.0  N 
21.4  4.0  11.2  8.9  3.5  5.0  8.4  11.3  N 
22.0  2.8  12.0  9.4  6.8  3.9  10.8  14.9  Y  J 
22.6  -2.8  9.6  9.9  4.9  .  6.8  10.3  14.4  Y  R 
23.2  0.0  6.8  6.1  14.0  5.3  6.9  8.4  Y  J 
23.8  -1.0  12.7  10.5  4.8  4.5  10.8  13.3  Y  J 
24.4  -5.7  11.1  7.7  2.1  3.7  7.6  13.6  Y  J 
25.0  -1.9  6.5  8.2  2.1  3.6  6.3  9.2  Y  R 
25.6  0.0  13.2  9.8  4.3  4.5  8.6  15.9  Y  R 
26.2  0.0  1.0  1.1  0.8  0.9  1.1  1.5  Y  J 
26.8  2.0  9.2  10.9  5.2  6.7  10.2  11.3  N 
27.4  5.8  11.8  12.1  5.8  5.7  12.2  13.3  N 
_ 
28.0  -0.5  8.9  10.8  3.8  2.5  8.7  11.9  Y  R 
28.6  -1.6  4.0  6.5  2.7  2.7  5.8  7.1  Y  J 
29.2  0.0  21.4  12.3  3.7  4.7  13.0  22.2  N 
29.8  0.3  2.3  2.2  0.4  1.2  2.3  2.5  N 
30.4  -2.4  10.4  13.2  12.2  8.3  11.6  15.0  N 
31.0  4.7  11.4  11.4  5.6  9.6  10.5  13.7  N Table G.1 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
31.6  -9.7  14.7  13.3  5.5  10.5  15.3  20.4  N 
32.2  12.9  14.5  16.2  12.9  8.8  12.6  17.7  N 
32.8  3.3  21.1  17.8  5.2  7.9  12.2  25.4  N 
33.4  -3.6  1.2  1.8  1.2  0.6  1.5  2.0  N 
34.0  1.5  9.4  7.6  2.4  8.6  13.0  16.4  N 
34.6  4.6  11.1  10.7  8.6  7.0  9.5  14.2  N 
35.2  -1.6  5.9  5.9  2.0  4.8  6.7  7.0  N 
35.8  2.8  7.8  8.3  3.9  2.2  7.8  8.9  N 
36.4  2.1  7.2  5.9  4.7  4.9  6.9  8.4  N 
37.0  -5.3  21.8  17.0  8.5  8.3  15.2  21.8  N 
37.6  -1.2  11.7  10.0  3.4  4.1  8.2  12.4  N 
38.2  4.8  24.0  15.8  6.9  , 10.2  14.1  26.4  N 
1.0  -4.0  3.6  3.7  1.4  1.4  3.2  4.6  N  A6R to A4R, 8/16/95 
1.6  0.0  5.7  6.4  2.2  3.1  8.5  6.4  N 
2.2  -4.1  6.9  8.0  3.8  3.4  6.8  8.5  N 
2.8  -1.7  4.8  10.3  2.3  5.2  7.5  12.0  N 
3.4  0.0  9.0  7.2  3.7  2.6  7.7  9.6  N 
4.0  -3.3  4.3  4.7  3.7  4.2  4.9  6.8  N 
4.6  -5.4  1.5  1.3  0.0  0.9  1.3  1.6  N 
5.2  -1.3  6.0  6.0  2.8  2.9  5.9  6.3  N 
5.8  3.2  11.4  7.8  6.4  3.7  8.4  12.3  N  redd 
6.4  5.2  9.8  8.3  5.2  5.5  7.3  10.3  N  redd 
7.0  5.4  5.3  5.2  5.4  2.3  6.3  10.5  N 
7.6  1.5  4.2  3.9  1.5  3.5  3.8  4.2 
8.2  3.4  6.8  4.8  7.2  3.3  5.9  7.8 
8.8  4.4  11.6  10.5  4.4  7.0  10.4  12.7  Y  R Table G.1 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
9.4  3.7  6.8  11.2  3.7  5.3  7.7  11.7  Y  R 
10.0  6.2  9.0  8.8  6.5  4.2  7.6  9.0  Y  R 
10.6  0.0  9.2  4.1  3.4  4.1  5.0  10.4  Y  J 
11.2  8.1  13.1  10.1  8.1  6.5  9.5  13.1  Y  R 
11.8  0.5  8.6  6.5  4.1  6.7  8.7  9.9  Y  J 
12.4  2.1  3.8  2.6  2.1  4.1  5.2  5.6  Y  J 
13.0  4.5  8.7  11.5  4.5  5.5  8.5  13.4  Y  J 
13.6  3.7  8.7  9.2  3.1  4.8  8.9  9.6  Y  J 
14.2  0.7  8.5  6.1  0.7  6.0  9.4  19.2  Y  R 
14.8  1.6  13.0  10.9  6.6  3.3  11.7  14.4  N 
15.4  1.8  8.0  5.9  1.8  1.7  3.6  9.2  N 
16.0  3.2  8.7  7.3  9.0  ,  6.6  7.7  9.8  N 
16.6  5.6  9.8  17.0  10.9  8.8  10.9  17.0  Y  R 
17.2  6.0  13.8  10.8  9.5  8.7  11.9  13.8  Y  J 
17.8  3.4  17.0  9.7  8.5  7.6  10.5  17.5  Y  J 
18.4  4.0  11.3  6.5  4.0  4.4  10.7  13.9  Y  R 
19.0  5.6  14.2  14.6  9.7  8.0  14.0  14.7  N 
19.6  2.1  9.3  8.1  2.1  2.7  7.9  9.7  N 
20.2  -7.0  13.8  13.9  4.1  7.3  14.4  18.2  N 
20.8  -4.0  12.2  8.3  3.5  8.7  11.8  15.3  N 
21.4  -1.5  3.8  4.0  1.9  2.4  3.8  4.5  N 
22.0  4.2  8.1  6.7  6.1  4.3  6.2  8.1  N  redd 
22.6  5.8  9.2  10.1  5.8  4.2  7.6  20.3  N  redd 
23.2  0.0  5.0  6.1  3.5  2.9  5.1  6.4  N 
23.8  0.0  7.3  10.2  3.2  6.3  9.5  12.2  N 
24.4  -6.5  8.2  9.8  1.2  1.2  9.5  10.4  N 
ti Table G.1 (Continued) 
Distance 
on tape (m) 
Exposure 
(cm) 
x 
(cm) 
y 
(cm) 
z 
(cm) 
a 
(cm) 
b 
(cm) 
c 
(cm) 
veg?  veg role 
mJr/mnR 
Notes 
25.0  0.0  11.9  8.9  6.0  6.2  10.9  12.0  N 
25.6  2.8  16.2  7.4  5.1  2.7  6.4  17.1  Y  R 
26.2  0.0  2.2  8.4  3.3  2.4  4.3  9.3  N 
26.8  2.9  7.2  5.1  5.2  3.7  5.5  7.2  N 
27.4  4.5  11.4  9.5  5.6  3.4  7.8  14.3  N 
28.0 
28.6 
29.8 
30.4 
1.7 
0.5 
0.0 
-5.4 
2.2 
6.1 
20.8 
5.5 
2.7 
3.5 
11.8 
6.4 
1.7 
0.5 
9.0 
3.0 
1.2 
2.6 
7.6 
4.1 
1.9 
3.7 
10.4 
7.4 
3.2 
6.3 
20.8 
16.6 
N 
N 
Y 
Y 
J 
R 
-3mm sand/snails:dist=29.2m 
mjr veg /welt dvIpd rts:dist=29.2m 
v well dvIpd rts systm, ?z value 
sand: dist=31.0m 
31.6  2.4  8.0  9.1  2.4  8.5  13.4  17.5  Y  J 
32.2  4.5  9.8  9.6  4.5  5.7  10.2  13.1  Y  J 
32.8  5.1  18.7  12.3  7.2  ,12.3  14.7  20.7  Y  J 
33.6 
34.0 
8.5 
2.2 
13.6 
19.0 
10.2 
15.3 
10.9 
10.2 
1.6 
13.5 
15.3 
12.6 
18.7 
20.7 
Y 
Y 
J 
J 
extremely well developed roots 
? for z value 
34.6 
35.2 
-0.3 
8.3 
4.3 
25.3 
2.9 
14.7 
0.0 
9.6 
12.7 
9.7 
4.3 
18.5 
4.4 
33.7 
Y 
Y 
J 
R 
well developed roots 
5.5 cm thick mat of roots 
35.8  2.8  2.8  0.9  3.1  4.5  Y  J 
36.4  3.5  8.6  11.1  8.6  5.5  10.0  11.2  Y  R 
37.0  -3.0  7.5  9.2  7.6  4.2  7.6  12.3  Y  R 
37.6  6.6  10.8  13.9  8.1  10.3  13.6  26.7  N 
38.2  3.8  7.0  7.9  3.8  3.3  9.0  10.6  N 
_ 
38.8  13.1  17.7 1  11.6  13.1  8.5  11.8  17.7  N 
39.4  0.0  2.0  1.2  0.0  0.7  1.3  2.0  N 
40.0  -3.4  16.2  12.4  5.9  6.4  11.8  25.4  N 
_ 
40.6  6.2  5.0  5.3  6.2  3.9  4.5  6.1  Y  R 
_ 
41.2  1.0  2.6  ,  2.8  1.8  1.8  2.5  3.4  Y  J Table G.1 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mnR 
41.8  3.2  9.9  8.6  7.4  8.1  12.2  17.1  Y  R  
42.4  -0.8  3.5  4.0  1.3  1.3  3.4  4.5  N  
43.0  2.3  4.8  7.7  2.3  2.8  5.0  8.3  N  
43.6  -10.4  3.0  3.9  1.8  1.8  3.9  5.8  N  
44.2  4.1  7.0  8.6  4.1  3.3  7.1  9.0  N  209 
Table G.2 Percent finer calculations for Site A (RM 99.0, Disney Island). 
Site A  1995  Site A  1995  Site A  1995  Site A  1995 
b-axis  % finer  b-axis  % finer  b-axis  % finer  b-axis  % finer 
(cm)  (cm)  (cm)  (cm) 
0.7  0.0  5.0  20.7  7.6  41.3  9.3  61.5 
1.0  0.5  5.0  20.7  7.6  41.3  9.4  62.4 
1.1  0.9  5.1  21.6  7.6  41.3  9.5  62.9 
1.2  1.4  5.2  22.1  7.6  41.3  9.5  62.9 
1.3  1.9  5.4  22.5  7.7  43.2  9.5  62.9 
1.3  1.9  5.5  23.0  7.7  43.2  9.5  62.9 
1.5  2.8  5.5  23.0  7.7  43.2  9.5  62.9 
1.5  2.8  5.5  23.0  7.8  44.6  9.5  62.9 
1.8  3.8  5.6  24.4  7.8  44.6  9.5  62.9 
1.9  4.2  5.6  24.4  7.8  44.6  9.7  66.2 
2.1  4.7  5.6  24.4  7.8  44.6  10.0  66.7 
2.3  5.2  5.7  25.8  7.9  46.5  10.0  66.7 
2.3  5.2  5.8  26.3  7.9  46.5  10.2  67.6 
2.4  6.1  5.8  26.3  7.9  46.5  10.2  67.6 
2.5  6.6  5.8  26.3  8.0  47.9  10.3  68.5 
2.6  7.0  5.9  27.7  8.0  47.9  10.3  68.5 
2.7  7.5  5.9  27.7  8.1  48.8  10.3  68.5 
2.8  8.0  6.0  28.6  8.1  48.8  10.4  70.0 
2.9  8.5  6.2  29.1  8.2  49.8  10.4  70.0 
3.0  8.9  6.2  29.1  8.2  49.8  10.4  70.0 
3.0  8.9  6.2  29.1  8.2  49.8  10.4  70.0 
3.1  9.9  6.2  29.1  8.2  49.8  10.4  70.0 
3.2  10.3  6.2  29.1  8.4  51.6  10.5  72.3 
3.2  10.3  6.3  31.5  8.4  51.6  10.5  72.3 
3.4  11.3  6.3  31.5  8.5  52.6  10.7  73.2 
3.5  11.7  6.3  31.5  8.5  52.6  10.8  73.7 
3.6  12.2  6.4  32.9  8.5  52.6  10.8  73.7 
3.7  12.7  6.5  33.3  8.5  52.6  10.8  73.7 
3.7  12.7  6.5  33.3  8.5  52.6  10.8  73.7 
3.8  13.6  6.7  34.3  8.6  54.9  10.9  75.6 
3.8  13.6  6.7  34.3  8.6  54.9  10.9  75.6 
3.9 ,  14.6  6.7  34.3  8.6  54.9  10.9  75.6 
4.0  15.0  6.7  34.3  8.7  56.3  10.9  75.6 
4.2  15.5  6.8  36.2  8.7  56.3  11.0  77.5 
4.3  16.0  6.9  36.6  8.9  57.3  11.5  77.9 
4.3  16.0  6.9  36.6  8.9  57.3  11.5  77.9 
4.3  16.0  6.9  36.6  9.0  58.2  11.6  78.9 
4.4  17.4  7.1  38.0  9.0  58.2  11.7  79.3 
4.5  17.8  7.1  38.0  9.0  58.2  11.7  79.3 
4.5  17.8  7.3  39.0  9.0  58.2  11.7  79.3 
4.6  18.8  7.3  39.0  9.2  60.1  11.8  80.8 
4.7  19.2  7.3  39.0  9.2  60.1  11.8  80.8 
4.7  19.2  7.4  40.4  9.2  60.1  11.8  80.8 
4.9  20.2  7.5  40.8  9.3  61.5  11.9  82.2 210 
Table G.2 (Continued) 
Site A  1995 
b-axis  % finer 
(cm) 
12.2  82.6 
12.2  82.6 
12.2  82.6 
12.2  82.6 
12.3  84.5 
12.3  84.5 
12.5  85.4 
12.6  85.9 
12.6  85.9 
12.7  86.9 
13.0  87.3 
13.0  87.3 
13.2  88.3 
13.4  88.7 
13.6  89.2 
14.0  89.7 
14.1  90.1 
14.2  90.6 
14.3  91.1 
14.4  91.5 
14.7  92.0 
14.7  92.0 
15.2  93.0 
15.3  93.4 
15.3  93.4 
15.3  93.4 
15.5  94.8 
15.7  95.3 
16.3  95.8 
16.3  95.8 
16.4  96.7 
16.5  97.2 
17.7  97.7 
18.5  98.1 
18.5  98.1 
18.8  99.1 
26.0  99.5 Table G.3 Particle size data for Site B (RM 98.0, Bushes and Brambles) and Site C (RM 97.8, Cushman's Corner). Measurements 
taken on small bar just upstream of Site B on river left side of channel. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
1.6  5.1  7.2  12.6  5.1  5.1  6.5  13.8  9/1/95 
2.2  0.0  5.4  5.3  3.6  3.6  5.0  6.5  measurement group #1 
2.8  0.3  3.8  4.4  0.3  3.3  4.5  5.0 
3.4  5.3  13.5  1.1  5.3  5.0  10.8  13.6 
4.0  5.1  7.1  12.6  5.7  5.4  11.4  14.1 
4.6  0.0  2.8  3.6  0.0  2.9  4.4  7.8 
5.2  0.0  5.2  5.4  0.0  1.0  5.5  5.5 
5.8  3.7  7.5  20.0  11.4  5.9  10.6  21.4 
6.4  3.1  4.5  4.5  3.1  3.2  4.1  6.1 
7.0  3.2  14.2  12.7  3.4  8.9  14.0  21.5 
7.6  0.0  2.0  2.1  0.0  1.5  2.0  3.0 
8.2  5.2  10.1  12.0  5.2  2.8  10.2  14.5 
8.8  4.9  12.5  7.3  4.9  3.5  7.7  14.4 
9.4  7.0  7.6  10.6  5.8  4.5  9.9  12.2 
10.0  -2.5  6.3  6.6  5.7  5.1  6.7  7.4 
10.6  -4.0  3.8  6.2  5.2  3.0  7.5  8.3 
11.2  0.0  15.8  16.3  5.4  4.2  15.4  19.5 
11.8  -4.3  8.3  8.8  6.4  3.5  11.0  12.7 
12.4  0.0  7.5  5.4  5.0  4.0  7.4  8.2 
13.0  5.2  11.5  9.8  4.4  4.5  9.5  13.4 
13.6  0.0  15.5  19.4  9.2  15.2  18.5  20.4 
14.2  0.0  8.0  4.1  0.0  3.0  7.7  11.8 
14.8  -5.9  10.4  10.1  5.7  3.6  10.7  10.8 
15.4  0.0  6.9  9.7  0.0  4.8  6.8  9.4 
16.0  2.7  7.3  8.8  4.3  2.7  7.5  12.0 Table G.3 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
1.6  6.4  7.3  9.6  6.4  6.8  10.1  10.9  measurement group #2 
2.2  5.0  6.2  9.3  5.0  4.4  9.8  10.6 
2.8  4.4  10.2  7.2  5.5  5.5  8.0  12.1 
3.4  2.0  8.5  13.0  5.7  7.7  11.6  22.5 
4.0  2.6  11.3  10.3  5.6  6.7  10.2  13.9 
4.6  4.0  16.9  11.8  6.0  5.3  11.5  18.0 
5.2  5.2  6.8  8.0  5.2  4.2  6.9  9.0 
5.8  -2.3  2.9  5.2  0.0  1.6  3.3  5.1 
6.4  2.4  6.2  12.2  3.4  6.8  7.4  12.8 
7.0  0.0  14.4  11.0  5.1  3.0  11.1  14.4 
7.6  0.0  13.8  11.8  3.0  3.9  10.7  16.9 
8.2  3.5  13.5  12.6  3.5  4.6  13.2  13.4 
8.8  2.3  5.9  14.2  2.3  6.1  10.2  14.7 
9.4  0.0  2.8  2.8  3.9  2.7  3.0  3.1 
10.0  3.0  7.6  10.4  4.2  3.9  7.8  11.3 
10.6  2.2  6.8  7.9  5.9  4.0  7.0  9.8 
11.2  2.6  7.8  7.5  4.4  5.5  7.5  8.3 
11.8  14.1  15.9  18.2  14.1  10.4  16.0  18.6 
12.4  5.0  12.5  12.0  6.2  5.9  12.2  13.0 
13.0  4.4  3.9  4.3  4.7  3.7  3.8  4.6 
13.6  1.0  4.8  6.3  0.0  2.3  5.0  7.2 
14.2  -2.6  2.7  4.8  3.0  3.7  4.2  6.5 
14.8  0.0  2.8  2.1  0.0  1.7  2.4  3.0 
15.4  -1.8  3.2  2.7  2.7  2.1  2.5  3.7 
16.0  -4.4  4.2  3.7  0.0  2.8  4.2  6.5 
16.6  1.9  16.0  8.7  3.8  7.2  11.6  20.3 Table G.3 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
17.2  4.3  3.3  5.2  4.3  3.9  4.5  5.2 
17.8  2.3  13.7  14.0  2.3  2.9  13.3  18.1  see end for dist=18.4 
19.0  0.0  7.3  6.5  2.3  3.9  7.0  7.2 
Notes: Measurement group #2 9/1/95, distance on tape = 18.4, exposure 8.5, sand and fine gravel (2-3 mm), pocket 11.9 cm
parallel to flow, 10.4 cm perpendicular to flow 214 
Table G.4 Percent finer calculations for Site B (RM 98.0, Bushes and Brambles) 
and Site C (RM 97.8, Cushman's Corner). 
Sites B & C  1995  Sites B & C  1995 
b-axis  % finer  13-axis  % finer 
(cm)  (cm) 
2.0  0.0  11.4  79.6 
2.4  1.9  11.5  81.5 
2.5  3.7  11.6  83.3 
3.0  5.6  11.6  83.3 
3.3  7.4  12.2  87.0 
3.8  9.3  13.2  88.9 
4.1  11.1  13.3  90.7 
4.2  13.0  14.0  92.6 
4.2  13.0  15.4  94.4 
4.4  16.7  16.0  96.3 
4.5  18.5  18.5  98.1 
4.5  18.5 
5.0  22.2 
5.0  22.2 
5.5  25.9 
6.5  27.8 
6.7  29.6 
6.8  31.5 
6.9  33.3 
7.0  35.2 
7.0  35.2 
7.4  38.9 
7.4  38.9 
7.5  42.6 
7.5  42.6 
7.5  42.6 
7.7  48.1 
7.7  48.1 
7.8  51.9 
8.0  53.7 
9.5  55.6 
9.8  57.4 
9.9  59.3 
10.1  61.1 
10.2  63.0 
10.2  63.0 
10.2  63.0 
10.6  68.5 
10.7  70.4 
10.7  70.4 
10.8  74.1 
11.0  75.9 
11.1  77.8 Table G.5 Particle size data for Site D (RM 96.1, New Island). Measurements taken on river right side of channel. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
1.6  -0.4  16.6  10.5  1.0  5.9  11.0  18.7  N  D4new to D3new  
2.2  2.3  3.8  3.9  4.7  2.7  3.7  4.7  N  
2.8  -4.2  3.5  4.4  0.0  2.3  3.8  5.4  N  
3.4  9.2  16.2  7.2  9.2  5.4  10.5  18.9  N  
4.0  2.7  7.4  8.0  4.7  3.0  7.2  8.8  N  
4.6  0.0  4.6  3.6  0.0  1.9  3.4  4.8  N  
5.2  5.7  13.8  19.0  5.7  8.4  15.3  20.1  N  
5.8  5.8  5.0  6.5  5.8  4.0  7.0  7.6  N  
6.4  5.1  15.7  20.2  5.1  6.1  17.0  20.2  N  
7.0  4.6  13.7  9.5  4.6  5.2  10.9  16.4  N  
7.6  5.1  14.0  12.7  9.2  5.5  13.3  14.0  N  
8.2  0.0  6.2  5.4  0.0  2.8  5.9  7.3  N  
8.8  0.5  8.0  6.5  6.8  2.0  7.8  11.3  N  
9.4  -4.2  3.3  4.3  0.0  2.0  6.0  7.5  N  
_ 10.0  0.0  6.7  6.6  0.0  4.8  7.4  9.7  N  
10.6  4.5  11.4  12.2  4.5  6.1  10.9  13.7  N  
11.2  2.0  4.9  9.8  2.0  2.9  7.8  10.3  N  
N 
.. 11.8  3.9  9.7  12.4  3.9  3.5  9.2  15.0  
12.4  -1.0  3.3  3.0  0.0  2.5  3.2  4.9  N  
13.0  0.0  3.4  5.2  0.0  2.2  3.2  5.2  N  
13.6  6.8  12.3  15.9  6.8  4.0  12.6  15.5  N  
14.2  0.5  13.9  9.7  7.7  5.6  12.8  15.2  N  
14.8  -2.7  8.5  8.6  3.9  5.2  10.8  12.8   N 
15.4  7.2  10.2  20.4  7.2  5.8  11.8  20.4  N  
16.0  2.2  4.0  3.7  2.2  1.9  3.2  4.2  N  
16.6  3.0  5.0  3.0  2.6  2.4  3.2  5.7  N  Table G.5 (Continued) 
Distance 
on tape (m) 
Exposure 
(cm) 
x 
(cm) 
y 
(cm) 
z 
(cm) 
a 
(cm) 
b 
(cm) 
c 
(cm) 
veg?  veg role 
mJr/mNr 
Notes 
17.2  2.1  7.8  10.3  5.7  2.5  7.5  10.3  N 
17.8  -2.0  5.1  9.5  0.0  3.4  5.4  9.7  N 
18.4  12.7  14.1  17.8  9.4  10.9  14.9  17.8  N 
19.0  -7.7  '4.2  4.1  2.9  2.9  4.0  5.1  N  dist=19.6 see notes 
20.2  -2.6  3.7  5.3  3.7  3.0  4.8  8.8  N 
20.8  1.3  4.2  3.2  1.3  3.2  3.4  4.6  N 
21.4  1.8  3.2  5.3  4.8  2.8  5.1  6.8  N 
22.0  -2.0  4.4  6.1  2.9  3.6  5.1  6.3  N 
22.6  3.1  5.9  5.4  3.1  3.3  5.3  6.2  N 
23.2  -7.6  9.8  8.4  0.0  7.0  10.6  12.2 
23.8  2.0  8.2  5.8  3.4  2.1  5.7  7.9  N 
24.4  3.5  14.0  17.4  6.9,  14.7  15.0  21.9  N 
25.0  0.0  11.3  6.7  0.0  5.3  6.6  11.5  N 
25.6  7.8  19.3  12.7  7.8  8.4  16.8  27.3  N 
26.2  4.1  5.3  8.5  4.1  3.7  5.5  8.9  N 
26.8  5.1  7.7  9.6  5.8  5.4  9.6  16.1  N 
27.4  0.0  12.8  10.1  6.4  4.8  8.6  17.5  N 
28.0  7.0  12.4  10.3  9.8  5.0  12.0  14.2  N 
28.6  7.7  15.6  11.3  7.7  10.4  15.2  18.2  N 
29.2  5.5  12.0  9.8  5.5  6.8  9.5  12.0  N 
29.8  6.0  5.0  8.8  4.5  2.9  5.9  7.9  N 
30.4  0.0  7.0  8.6  3.4  3.4  8.3  6.0  N 
1.6  3.2  3.8  3.0  3.2  2.5  3.0  4.5  N  D2 to almost D1 
2.2  3.3  11.4  13.3  9.6  4.4  11.5  13.1  N 
2.8  14.4  18.1  19.3  14.4  15.4  19.9  20.5  N 
3.4  3.3  3.2  3.5  3.3  1.9  4.7  6.2  N Table G.5 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
4.0  8.9  19.4  19.2  8.9  10.1  16.5  22.2  N 
4.6  0.0  6.3  4.5  0.0  2.8  5.3  6.9  N 
5.2  7.0  14.4  22.2  7.0  4.3  13.8  23.4  N  dist=5.8 see notes 
6.4  15.8  19.2  24.4  15.8  16.2  21.8  25.6  N 
7.0  12.7  11.5  17.2  12.7  10.2  10.2  16.9  N 
7.6  0.0  14.0  13.8  5.5  7.5  13.0  16.7  N 
8.2  -8.5  6.0  15.4  0.0  11.7  15.8  23.3  N 
8.8  3.0  8.5  13.2  3.0  7.9  10.8  15.1  N 
9.4  -4.1  5.5  13.6  6.4  4.2  7.1  14.1  N 
10.0  -6.8  3.5  4.3  0.0  1.7  3.1  3.7  N 
10.6  9.4  19.6  19.3  11.5  14.7  15.3  24.0  N 
11.2  -6.0  13.3  16.4  0.0 ,  7.4  12.2  17.2  N 
11.8  -6.1  6.2  17.8  0.0  6.0  9.0  18.2  N 
12.4  3.0  18.5  28.7  7.1  17.5  18.5  27.2  N 
13.0  3.2  8.1  6.0  7.2  4.4  7.7  8.5  N 
13.6  -5.7  7.2  7.8  5.8  6.2  6.8  12.2  N 
14.2  2.8  10.8  11.9  2.9  2.9  9.8  11.4  N 
14.8  12.5  23.9  20.2  12.5  7.3  21.4  28.5  N  dist=15.4 see notes 
16.0  5.3  17.9  12.3  5.3  8.4  12.1  19.0  N 
16.6  4.8  15.8  28.5  4.8  7.7  20.8  29.4  N 
17.2  2.6  12.4  13.8  6.8  9.0  11.8  14.4  N 
17.8  8.3  9.4  11.6  8.3  7.4  10.4  17.2  N 
18.4  7.3  13.5  19.5  9.5  7.2  12.1  20.8  N 
19.0  0.0  5.6  14.5  8.2  5.1  6.5  12.9  N Table G.5 (Continued) 
Notes: D4 new to D3 new, tape distance = 19.6 m  , sand pocket: 6.6 cm parallel to flow, 12.9 cm perpendicular to flow, -4.4 
exposure, grain size  2 mm; D2 to almost Dl, tape distance 5.8 m, sand pocket 8.1 cm parallel to flow, 12.8 cm perpendicular 
to flow, -7.5 cm exposure, most grains  1 mm, some 5 mm; D2 to almost Dl, tape distance 15.4, sand pocket: 4.1 cm parallel 
to flow, 7.0 cm perpendicular to flow, -7.2 cm exposure, grains  3 mm. 219 
Table G.6 Percent finer calculations for Site D (RM 96.1, New Island). 
Site D 
b-axis 
(cm) 
3.0 
3.1 
3.2 
3.2 
3.2 
3.2 
3.4 
3.4 
3.7 
3.8 
4.0 
4.7 
4.8 
5.1 
5.1 
5.3 
5.3 
5.4 
5.5 
5.7 
5.9 
5.9 
6.0 
6.5 
6.6 
6.8 
7.0 
7.1 
7.2 
7.4 
7.5 
7.7 
7.8 
7.8 
8.3 
8.6 
9.0 
9.2 
9.5 
9.6 
9.8 
10.2 
10.4 
1995 
% finer 
0.0 
1.3 
2.6 
2.6 
2.6 
2.6 
7.9 
7.9 
10.5 
11.8 
13.2 
14.5 
15.8 
17.1 
17.1 
19.7 
19.7 
22.4 
23.7 
25.0 
26.3 
26.3 
28.9 
30.3 
31.6 
32.9 
34.2 
35.5 
36.8 
38.2 
39.5 
40.8 
42.1 
42.1 
44.7 
46.1 
47.4 
48.7 
50.0 
51.3 
52.6 
53.9 
55.3 
Site D 
b-axis 
(cm) 
10.5 
10.6 
10.8 
10.8 
10.9 
10.9 
11.0 
11.5 
11.8 
11.8 
12.0 
12.1 
12.1 
12.2 
12.6 
12.8 
13.0 
13.3 
13.8 
14.9 
15.0 
15.2 
15.3 
15.3 
15.8 
16.5 
16.8 
17.0 
18.5 
19.9 
20.8 
21 A 
21.8 
1995 
% finer 
56.6 
57.9 
59.2 
59.2 
61.8 
61.8 
64.5 
65.8 
67.1 
67.1 
69.7 
71.1 
71.1 
73.7 
75.0 
76.3 
77.6 
78.9 
80.3 
81.6 
82.9 
84.2 
85.5 
85.5 
88.2 
89.5 
90.8 
92.1 
93.4 
94.7 
96.1 
97.4 
98.7 Table G.7 Particle size data for Site E (RM 94.0, Luelling Place).  Measurements taken on gravel bar in center of channel. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
1.6  2.6  8.2  8.8  2.6  3.0  8.5  9.7  N   E7 to E6, 8/18/95
2.2  2.1  5.0  6.3  2.1  2.1  6.0  7.5  N  
2.8  -2.0  7.3  5.4  4.2  2.5  5.9   7.8  N  
3.4  1.8  4.8  3.2  4.8  2.7  5.4  5.5  N  
4.0  1.6  7.4  8.6  5.6  2.5  6.8  8.6  N  
4.6  1.0  5.6  4.9  1.9  2.4  5.3   7.2  N  
5.2  1.2  5.4  8.2  4.6  4.7  5.7   9.0  N  
5.8  4.6  12.2  11.7  8.2  8.1  10.6  14.0  N  
6.4  2.5  3.5  5.5  2.5  2.7  4.0  7.0  N  
7.0  5.2  9.7  14.0  5.2  6.9  11.1  14.4  N  
7.6  0.9  2.0  3.4  0.9  1.3  3.3  3.4   N 
8.2  -4.1  21.0  20.3  1.6  10.5  16.8   31.6  N  
8.8  -1.1  3.9  3.3  2.0  2.3  3.1  4.8  N  
9.4  -0.1  2.0  2.3  0.6  1.7  1.9  3.5  N  
10.0  -1.0  2.6  2.9  0.0  2.0  3.7  3.7   N 
10.6  -1.5  1.6  4.0  2.1  1.0  1.7   4.0  N  
11.2  -2.2  4.8  4.3  0.0   1.6  4.0  4.9  N  
11.8  1.6  4.2  5.3  2.9  3.2  5.4  6.1  N  
12.4  0.0  3.1  4.1  1.0  2.4  3.7   5.0  N  
13.0  2.5  6.1  5.5  2.5  1.4   5.1  7.4  N  
13.6  3.2  6.6  9.4  3.2   3.2  7.1  11.2  N  
14.2  0.6  5.0  4.8  3.5  1.2  4.2  6.2  N  
14.8  0.8  5.3  12.3  5.3  4.3 
, 
8.2  12.3  N  
15.4  1.4  2.7  4.3  4.3  1.1   5.4  6.9  N  
16.0  3.6  8.7  7.6  5.8  4.7  7.5  9.4  N  
16.6  0.5  3.8  3.8  3.2  2.5  3.4   4.5  N  Table G.7 (Continued) 
Distance  Exposure  x 
on tape (m)  (cm)  (cm) 
17.2  -0.3  0.7 
17.8  2.1  7.8 
18.4  0.7  6.1 
19.0  3.7  11.3 
19.6  1.3  3.3 
20.2  6.1  6.9 
20.8  -4.3  6.8 
21.4  3.2  11.7 
22.0  -1.5  6.3 
22.6  -5.5  3.0 
23.2  6.5  14.8 
23.8  -5.0  5.0 
24.4  -0.3  10.7 
25.0  -2.1  6.2 
25.6  6.5  9.1 
26.2  6.9  11.6 
26.8  2.3  11.0 
27.4  0.0  5.1 
28.0  -3.4  2.5 
28.6  1.7  3.6 
29.2  1.5  12.2 
29.8  -0.2  8.5 
30.4  2.4  11.3 
31.0  0.8  7.0 
31.6  -1.4  7.0 
32.2  0.2  1.7 
y 
(cm) 
1.2 
8.8 
9.3 
11.5 
4.1 
10.4 
7.6 
8.4 
6.7 
2.8 
13.7 
7.4 
10.9 
5.7 
8.9 
24.0 
14.1 
5.2 
5.3 
3.3 
10.8 
9.7 
10.8 
3.6 
2.7 
1.7 
z 
(cm) 
0.9 
4.6 
7.0 
7.8 
1.9 
6.1 
1.4 
3.2 
0.9 
1.4 
6.5 
7.0 
2.1 
3.1 
6.5 
6.9 
2.3 
0.5 
2.5 
2.1 
2.6 
1.2 
7.0 
3.1 
2.0 
0.4 
a 
(cm) 
0.9 
4.6 
5.6 
8.1 
2.1 
4.9 
3.8 
3.6 
6.0 
1.4 
4.4 
,  1.8 
1.9 
3.8 
6.0 
6.9 
5.1 
1.9 
1.1 
3.0 
4.0 
2.6 
3.9 
3.2 
3.1 
1.1 
b 
(cm) 
1.1 
7.7 
5.9 
8.4 
3.9 
7.9 
7.5 
8.6 
7.7 
6.6 
14.1 
8.3 
10.6 
5.8 
7.2 
12.9 
12.1 
4.6 
4.8 
3.9 
10.9 
8.7 
11.6 
3.9 
3.2 
1.6 
c 
(cm) 
1.3 
9.2 
10.4 
17.8 
5.1 
10.7 
10.7 
12.8 
10.2 
9.4 
15.7 
9.2 
11.0 
7.2 
11.4 
29.3 
14.3 
8.5 
5.4 
5.0 
14.5 
10.2 
13.1 
7.3 
7.5 
2.1 
veg? 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
veg role  Notes 
mJr/mNr Table G.7 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
32.8  6.1  6.1  7.4  6.1  3.8  6.3  8.2  N 
33.4  5.6  5.1  5.4  5.6  4.9  6.8  9.8  N 
34.0  1.6  8.9  10.1  3.6  2.9  9.4  11.5  N 
34.6  0.8  10.4  6.4  5.4  3.4  7.7  11.5  N 
35.2  -5.1  10.5  10.4  7.2  5.9  9.6  13.3  N 
35.8  0.0  7.6  8.5  1.9  2.3  8.7  13.7  N 
36.4  1.5  8.1  8.8  2.5  4.2  7.9  9.8  N 
37.0  2.8  5.6  4.4  3.0  3.4  5.5  6.1  N 
37.6  -2.7  6.5  6.6  3.2  2.5  5.6  7.9  N 
38.2  -2.3  2.3  3.0  0.0  1.6  3.7  5.3  N 
1.6  10.0  12.2  11.0  10.0  5.2  11.1  15.8  N  just u.s. of E6 to just u.s. of E5 
2.2  0.0  15.4  13.6  3.8  , 4.7  14.6  15.7  N  8/18/95 
2.8  0.2  2.2  3.4  0.4  1.8  2.8  3.7  N 
3.4  -0.7  3.0  2.2  1.3  1.3  4.4  4.7  N 
4.0  0.0  13.5  13.3  2.9  4.0  13.7  15.0  N 
4.6  -1.6  5.9  6.0  3.8  2.0  5.8  7.5  N 
5.2  4.6  12.2  10.1  4.6  8.2  9.8  12.8  N  . 
5.8  2.4  8.4  8.8  5.1  2.4  9.0  9.2  N 
6.4  1.4  7.8  9.4  1.4  1.4  9.7  11.6  N 
7.0  0.5  5.4  4.2  5.1  2.2  4.6  9.7  N 
7.6  1.3  10.8  9.4  3.1  3.4  9.2  11.7  N 
8.2  4.1  9.6  13.6  5.1  3.5  10.3  15.0  N  ? on z value 
8.8  5.1  6.2  4.6  5.1  3.2  5.1  7.4  N 
9.4  4.2  14.9  20.3  4.2  9.4  14.9  20.3  N 
10.0  -2.2  11.2  9.0  5.6  3.3  8.9  14.3  N 
10.6  1.6  9.8  8.2  1.6  3.8  9.9  10.5  N Table G.7 (Continued) 
Distance  Exposure  x 
on tape (m)  (cm)  (cm) 
11.2  0.0  6.4 
11.8  2.5  13.4 
12.4  -4.6  7.8 
13.0  5.6  20.9 
13.6  0.8  4.0 
14.2  -3.0  7.2 
14.8  5.0  15.3 
15.4  0.3  6.2 
16.0  4.9  12.9 
16.6  -5.0  9.8 
17.2  3.7  11.2 
17.8  -2.0  3.0 
18.4  0.0  8.4 
19.0  5.9  9.4 
19.6  0.0  4.5  _ 
20.2  3.1  7.0 
20.8  0.5  13.2 
21.4  3.0  9.0 
22.0  -7.3  11.6 
22.6  1.5  7.8 
23.2  5.6  9.3 
23.8  0.5  9.7 
24.4  4.5  11.2 
25.0  1.3  4.0 
25.6  -3.9  7.0 
26.2  1.5  9.4 
y 
(cm) 
6.4 
8.8 
9.7 
12.4 
5.7 
7.0 
12.7 
7.2 
17.0 
14.5 
13.3 
3.8 
10.0 
4.9 
6.3 
5.5 
15.4 
12.4 
12.8 
7.5 
10.2 
10.3 
18.0 
3.4 
11.5 
5.2 
z 
(cm) 
2.2 
9.0 
2.0 
6.9 
6.7 
0.7 
5.0 
0.3 
6.5 
6.2 
3.7 
0.8 
1.5 
3.8 
0.0 
3.1 
8.6 
3.0 
0.0 
2.4 
5.9 
0.5 
6.5 
1.0 
4.3 
1.5 
a 
(cm) 
4.0 
3.8 
5.9 
5.9 
3.9 
2.7 
4.8 
2.1 
9.7 
6.5 
9.2 
.  1.2 
2.5 
4.5 
2.7 
3.8 
10.2 
4.0 
6.0 
3.5 
6.6 
2.4 
8.6 
3.2 
2.9 
10.5 
b 
(cm) 
6.5 
9.1 
10.1 
13.8 
5.4 
7.0 
12.0 
5.5 
15.2 
11.1 
12.4 
2.7 
8.8 
6.3 
5.6 
5.7 
15.2 
9.5 
11.4 
6.1 
10.0 
11.1 
11.5 
5.7 
6.8 
11.3 
c 
(cm) 
8.1 
14.0 
11.0 
24.1 
6.3 
8.1 
17.1 
10.2 
22.4 
14.8 
16.3 
3.8 
11.8 
10.8 
6.9 
7.5 
16.4 
16.2 
17.5 
9.4 
10.8 
12.7 
18.0 
8.4 
11.5 
15.1 
veg? 
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
N  
veg role  Notes 
mJr/mNr Table G.7 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
26.8  8.7  16.6  16.6  8.7  9.3  17.1  21.1  N 
27.4  6.2  12.0  13.3  6.2  9.5  11.2  15.5  N 
28.0  2.2  6.9  6.2  2.2  1.8  6.0  7.4  N 
28.6  0.0  15.2  8.4  4.5  4.8  8.2  17.0  N 225 
Table G.8 Percent finer calculations for Site E (RM 94.0, Luelling Place). 
Site E  1995  Site E  1995  Site E  1995 
b-axis  % finer  b-axis  % finer  b-axis  % finer 
(cm)  (cm)  (cm) 
1.1  0.1  6.3  40.7  11.1  79.6 
1.6  0.9  6.3  40.7  11.1  79.6 
1.7  1.9  6.5  42.6  11.2  83.3 
1.9  2.8  6.6  43.5  11.3  84.3 
2.7  3.7  6.8  44.4  11.4  85.2 
2.8  4.6  6.8  44.4  11.5  86.1 
3.1  5.6  6.8  44.4  11.6  87.0 
3.2  6.5  7.0  47.2  12.0  88.0 
3.3  7.4  7.1  48.1  12.1  88.9 
3.4  8.3  7.2  49.1  12.4  89.8 
3.7  9.3  7.5  50.0  12.9  90.7 
3.7  9.3  7.5  50.0  13.7  91.7 
3.7  9.3  7.7  51.9  13.8  92.6 
3.9  12.0  7.7  51.9  14.1  93.5 
3.9  12.0  7.7  51.9  14.6  94.4 
3.9  12.0  7.9  54.6  14.9  95.4 
4.0  14.8  7.9  54.6  15.2  96.3 
4.0  14.8  8.2  56.5  15.2  96.3 
4.2  16.7  8.2  56.5  16.8  98.1 
4.4  17.6  8.3  58.3  17.1  99.1 
4.6  18.5  8.4  59.3 
4.6  18.5  8.5  60.2 
4.8  20.4  8.6  61.1 
5.1  21.3  8.7  62.0 
5.1  21.3  8.7  62.0 
5.3  23.1  8.8  63.9 
5.4  24.1  8.9  64.8 
5.4  24.1  9.0  65.7 
5.4  24.1  9.1  66.7 
5.4  24.1  9.2  67.6 
5.5  27.8  9.4  68.5 
5.5  27.8  9.5  69.4 
5.6  29.6  9.6  70.4 
5.6  29.6  9.7  71.3 
5.7  31.5  9.8  72.2 
5.7  31.5  9.9  73.1 
5.7  31.5  10.0  74.1 
5.8  34.3  10.1  75.0 
5.8  34.3  10.3  75.9 
5.9  36.1  10.6  76.9 
5.9  36.1  10.6  76.9 
6.0  38.0  10.9  78.7 
6.0  38.0  11.1  79.6 
6.1  39.8  11.1  79.6 Table G.9 Particle size data for Site F (RM 93.0, No Camping Island).  Measurements taken on main-channel side of island on river 
right side of the channel. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
1.6  3.3  11.2  13.7  7.5  7.8  11.9  16.5  N  F3.5 to F2.5, 8/31/95  
2.2  -12.5  7.5  12.1   8.9  5.7  11.5  11.9  N  
2.8  6.4  9.2  9.9  6.4  6.9  9.4   9.5  N  
3.4  7.9  18.1  15.8  21.8  12.0  17.7  20.0  N  
4.0  3.0  18.8  14.0  5.0  11.8  13.0  20.0  N  
4.6  8.8  16.8  20.0  11.9  11.2  16.5  27.3  N  
5.2  -3.3  11.4  18.2  4.2  8.9  21.1  26.5  N  
5.8  10.2  28.5  23.6  12.6  11.1  23.1  34.0  N  
6.4  -12.1  7.3  5.2  0.0  4.2  4.4  8.4  N  
7.0  -6.9  17.7  15.1  11.3  8.9  19.1  22.8  N  
7.6  -7.4  2.3  3.8  4.2  2.9  3.1  3.6  N  
8.2  4.7  14.9  17.0  6.7  11.4  16.5  17.8  N  
8.8  4.5  15.9  16.6  9.4  7.0  19.1  20.0  N  
9.4  5.2  12.8  11.9  12.0  5.9  12.0  15.9  N  
10.0  3.8  10.5  9.9   6.2  3.8  8.6  16.2  N  
10.6  4.7  1.9  5.7  4.7  1.4  4.7  5.9  N  
11.2  0.0  11.0  10.3   2.7  2.7  10.6  12.3  N  
11.8  -7.8  11.8  18.7  0.0  26.3  35.5   47.5  N  
12.4  0.0  13.9  15.5  15.9  6.0  13.3  15.8  N  
13.0  2.5  15.0  17.6  14.9  6.0  15.0  18.9  N  
13.6  1.0  8.7  7.6  2.0  4.7  8.3   11.6  N  
14.2  0.0  8.6  6.2  0.0  3.0  6.7  8.5  N   see notes at end for dist=14.8m 
15.4  3.0  12.2  14.2  5.0  6.4  12.6  13.5  N  
16.0  15.2  28.8  40.0  19.0  19.5  30.4  40.0  N  
16.6  5.1  17.4  18.5  20.0  15.9  20.5  25.1  N  Table G.9 (Continued) 
Distance  Exposure  x 
on tape (m)  (cm)  (cm) 
17.2  -23.9  15.5 
17.8  8.7  15.6 
18.4  4.5  10.6 
19.0  14.3  30.0 
19.6  4.6  13.1 
20.2  0.5  16.4 
20.8  -7.2  5.0 
21.4  9.2  9.6 
22.0  7.1  23.0 
22.6  7.6  11.5 
23.2  10.3  18.7 
23.8  -7.8  10.4 
24.4  -5.6  5.2 
25.0  -4.2  8.9 
25.6  3.0  12.5 
26.2  14.6  36.7 
26.8  4.8  14.5 
27.4  7.9  16.5 
28.0  5.2  24.1 
28.6  7.7  11.2 
29.2  -13.1  14.0 
29.8  9.6  12.5 
30.4  -6.3  9.6 
31.0  0.0  8.2 
31.6  5.0  15.5 
32.2  6.4  7.9 
y 
(cm) 
28.7 
12.9 
8.8 
28.0 
13.3 
15.8 
9.9 
11.7 
11.8 
11.9 
21.2 
13.6 
5.0 
6.7 
13.7 
32.2 
13.1 
11.8 
24.3 
11.6 
15.7 
16.5 
11.9 
9.4 
13.5 
12.1 
z 
(cm) 
8.7 
8.7 
8.2 
15.7 
6.1 
0.5 
0.0 
9.2 
8.3 
7.6 
14.3 
8.8 
1.5 
6.8 
8.4 
23.8 
6.4 
9.2 
17.0 
7.7 
14.2 
13.3 
5.9 
0.0 
10.2 
6.4 
a 
(cm) 
21.9 
9.1 
5.1 
22.0 
6.9 
6.8 
3.7 
6.3 
8.4 
7.6 
8.0 
10.2 
4.5 
7.1 
4.i 
26.4 
5.0 
7.8 
11.3 
4.6 
7.5 
11.2 
6.0 
8.2 
8.0 
4.5 
b 
(cm) 
35.1 
13.2 
7.3 
26.2 
13.3 
17.5 
9.5 
10.8 
11.7 
11.7 
19.1 
11.1 
4.7 
12.5 
12.7 
32.3 
12.4 
13.0 
24.4 
11.2 
13.8 
11.9 
9.7 
12.3 
17.2 
9.4 
c 
(cm) 
36.4 
15.9 
12.7 
38.4 
13.5 
22.5 
11.9 
16.4 
23.0 
12.8 
21.9 
19.1 
7.6 
12.9 
16.8 
32.9 
17.1 
21.9 
30.8 
16.6 
14.4 
17.7 
12.1 
16.7 
20.3 
13.1 
veg?  veg role  Notes 
mJr/mNr 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N Table G.9 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
32.8  -3.1  20.9  15.9  115.0  7.2  14.3  26.8  N 
33.4  4.8  18.3  29.1  14.4  24.6  26.0  51.2  N 
34.0  4.4  14.9  12.7  5.5  5.5  12.2  15.2  N 
34.6  15.9  31.4  47.4  25.0  23.4  30.7  55.6  N  ? exposure value 
35.2  3.6  14.9  12.1  8.8  7.5  12.0  14.7  N 
35.8  0.0  24.4  30.5  3.7  26.9  33.2  38.6  N 
1.6  3.0  7.9  11.6  8.1  7.5  9.7  12.2  N  F2.5 to 2.0, 8/31/95 
2.2  -8.1  6.9  11.4  3.2  9.7  15.2  18.3  N 
2.8  3.0  29.7  27.1  5.1  7.1  30.4  33.8  N 
3.4  0.0  4.7  11.7  10.3  3.4  12.2  12.8  N 
4.0  1.7  6.8  12.2  8.9  5.5  9.9  15.6  N 
4.6  5.8  7.2  10.1  5.8  4.9  10.2  11.5  N 
5.2  5.3  16.8  13.4  8.5  7.5  13.3  16.5  N 
5.8  3.2  9.2  8.1  3.2  3.2  8.3  9.8  N 
6.4  17.0  23.4  26.6  21.2  17.9  22.9  30.1  N 
7.0  -4.3  16.6  14.9  7.4  5.4  16.0  21.5  N 
7.6  5.5  14.6  13.9  2.3  5.8  13.1  16.2  N 
8.2  6.2  13.0  10.8  8.2  6.1  10.8  14.9  N 
8.8  1.5  18.2  22.1  7.8  6.5  19.3  22.8  N 
9.4  0.0  1.9  1.6  0.3  0.3  0.9  1.1  N 
10.0  3.0  11.5  19.7  2.7  7.0  13.4  20.3  N 
10.6  -5.0  24.2  25.0  0.0  20.4  29.4  33.2  N 
11.2  17.9  31.2  26.6  18.6  25.2  26.9  34.2  N 
11.8  7.1  24.4  26.9  18.6  26.1  36.8  39.3  N 
12.4  11.8  14.2  21.7  13.7  8.4  13.3  21.6  N 
13.0  3.5  18.4  16.5  6.0  17.0  18.5  25.7  N Table G.9 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
13.6  7.9  19.9  36.9  12.4  25.1  25.5  38.1  N 
14.2  2.5  14.5  12.9  6.3  7.8  12.0  15.6  N 
14.8  3.7  14.8  10.0  3.7  6.7  12.2  25.5  N 
15.4  7.5  10.8  10.6  11.1  8.1  7.3  11.0  N 
Notes: F3.5 to F2.5, 8/31/95, distance = 14.8 m, sand and gravel (5_ 3 mm) pocket, pocket 5 cm parallel to flow, 3.5 cm 
perpendicular to flow. 230 
Table G.10 Percent finer calculations for Site F (RM 93.0, No Camping Island). 
Site F  1995  Site F  1995 
b-axis  % finer  b-axis  % finer 
(cm)  (cm) 
0.9  0  13.3  53.1 
3.1  1.2  13.3  53.1 
4.4  2.5  13.3  53.1 
4.7  3.7  13.4  58.0 
4.7  3.7  13.8  59.3 
6.7  6.2  14.3  60.5 
7.3  7.4  15.0  61.7 
7.3  7.4  15.2  63.0 
8.3  9.9  16.0  64.2 
8.3  9.9  16.5  65.4 
8.6  12.3  16.5  65.4 
9.4  13.6  17.2  67.9 
9.4  13.6  17.5  69.1 
9.5  16.0  17.7  70.4 
9.7  17.3  18.5  71.6 
9.7  17.3  19.1  72.8 
9.9  19.8  19.1  72.8 
10.2  21.0  19.1  72.8 
10.6  22.2  19.3  76.5 
10.8  23.5  20.5  77.8 
10.8  23.5  21.1  79.0 
11.1  25.9  22.9  80.2 
11.2  27.2  23.1  81.5 
11.5  28.4  24.4  82.7 
11.7  29.6  25.5  84.0 
11.7  29.6  26.0  85.2 
11.9  32.1  26.2  86.4 
11.9  32.1  26.9  87.7 
12.0  34.6  29.4  88.9 
12.0  34.6  30.4  90.1 
12.0  34.6  30.4  90.1 
12.2  38.3  30.7  92.6 
12.2  38.3  32.3  93.8 
12.2  38.3  33.2  95.1 
12.3  42.0  35.1  96.3 
12.4  43.2  35.5  97.5 
12.5  44.4  36.8  98.8 
12.6  45.7 
12.7  46.9 
13.0  48.1 
13.0  48.1 
13.1  50.6 
13.2  51.9 
13.3  53.1 Table G.11 Particle size data for Site G (RM 92.5, Wood Cemetery). Measurements taken on gravel bar in center of channel. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr /mNr 
1.6  1.2  5.3  9.7  6.7  4.5  6.6  10.0  N   G2 to G3, 8/30/95 
_ 
2.2  5.8  6.5  10.0  6.5  5.5  8.4  10.5  N   measurement group #1
2.8  -3.0  3.8  5.3  5.1  4.8  6.3  10.5  N  
3.4  1.9  8.5  13.4  7.8  2.2  8.6  13.4  N  
4.0  -4.3  2.3  6.1  0.0  2.6  8.2  8.4  N  
4.6  3.6  7.9  4.3  7.0  3.5  6.5  8.8  N  
5.2  10.1  5.4  9.6  10.1  4.5   7.9  10.6  N  
5.8  -3.1  10.0   4.3  3.6  4.2  6.1  11.6  N  
6.4  -3.4  6.0  3.0  3.9  2.2  3.5  6.2  N  
7.0  9.2  10.1  10.0  9.2  8.2  10.1  11.0  N  
7.6  -4.1  8.0  11.6  6.7  6.0   10.5  11.6  N  
8.2  5.0  11.3  12.3  5.0  ,  4.6  10.8  19.5  N  
8.8  5.2  9.6  11.1  5.2  5.7  10.3  11.2  N  
9.4  -1.8  4.2  3.7  4.3  3.5  3.7  5.0  N  
10.0  0.0  5.7  8.6   0.0  3.5  8.0  17.7  N  
10.6  0.0  12.6  7.0  3.3  4.8   7.8  12.6  N  
11.2  5.7  9.7  15.2   5.7  4.9  9.3  15.3  N  
11.8  0.0  6.8  7.0  3.4  3.5  5.7  9.7  N  
12.4  -1.0  7.5  5.7  3.4  1.8  4.5  8.6  N  
13.0  -7.6  5.6  10.2  3.7   2.4  8.1  10.7  N  
13.6  0.0  5.2  6.9   7.6  3.7  10.9  15.4  N  
14.2  5.8  12.4  11.2  9.6  10.1  10.2  14.3  N  
14.8  -5.4  4.1  10.7   4.8  5.4  11.9  18.0  N  
15.4  6.2  9.5  11.7  6.2  7.5   11.7  11.7  N  
16.0  6.9  17.0  16.4   9.8  7.3  16.0  17.8  N  
16.6  4.3  10.9  15.6  6.2  6.1  10.7  16.0  N  Table G.11 (Continued) 
Distance 
on tape (m) 
Exposure 
(cm) 
x 
(cm) 
y 
(cm) 
z 
(cm) 
a 
(cm) 
b 
(cm) 
c 
(cm) 
veg?  veg role 
mJr/mNr 
Notes 
17.2  2.4  4.7  5.8  2.4  1.2  4.3  6.5  N 
17.8  8.9  15.5  13.3  8.9  10.4  15.2  19.2  N 
18.4  4.0  15.4  15.2  6.2  6.5  17.7  18.3  N 
19.0  -2.6  11.3  6.8  6.8  4.9  7.7  18.3  N 
19.6  2.2  5.4  6.0  4.0  5.5  7.2  11.2  N 
20.2  4.2  10.8  15.7  4.2  10.5  13.6  18.7  N 
20.8  10.2  9.2  10.9  10.6  7.3  12.8  13.5  N 
21.4  0.0  2.1  2.2  0.0  1.1  2.3  3.3  N 
22.0  4.0  13.2  5.4  6.0  4.9  7.4  13.7  N 
22.6  4.4  8.5  10.4  8.5  5.7  10.7  12.9  N 
23.2  -3.2  8.2  9.1  4.3  2.5  7.7  9.4  N 
23.8  2.0  8.2  6.9  2.0  ,  2.5  8.0  10.6  N 
24.4  12.5  10.3  12.4  11.1  7.0  12.4  19.7  N 
25.0  12.8  26.0  20.2  12.8  10.3  19.3  27.5  N 
1.6 
2.2 
2.8 
111.9 
0.3 
5.7 
17.0 
6.8 
19.2 
19.8 
7.0 
23.3 
11.9 
0.6 
9.4 
9.5 
4.5 
11.3 
15.7 
5.9 
20.7 
21.7 
7.0 
24.4 
N 
N 
N 
G2 to G3, 8/30/95 
measurement group #2 
3.4  4.2  8.4  8.3  4.2  5.7  8.7  10.3  N 
4.0  5.9  5.8  5.6  5.9  4.3  5.4  11.2  N 
4.6  8.6  16.4  19.0  8.6  8.0  15.5  19.0  N 
5.2  5.0  11.1  17.6  10.2  7.2  11.6  19.7  N 
5.8  -1.7  17.7  15.0  6.2  6.3  16.5  20.9  N 
6.4  3.0  4.2  4.4  3.0  3.3  4.7  6.1  N 
7.0  -10.2  13.7  17.3  0.0  8.9  13.8  20.0  N 
7.6  -8.3  13.2  11.3  7.6  5.4  11.5  14.6  N 
8.2  8.5  12.7  12.4  8.5  10.0  12.1  13.3  N Table G.1  (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
8.8  0.0  18.3  17.0  15.0  13.5  18.3  22.8  N 
9.4  6.6  10.5  12.4  6.6  6.5  10.3  16.4  N 
10.0  -2.4  6.4  4.4  8.0  3.2  4.5  6.7  N 
10.6  -4.6  12.1  12.3  3.3  5.0  12.7  14.5  N 
11.2  11.5  14.3  14.0  11.5  9.7  14.6  21.6  N 
11.8  0.0  5.4  6.5  4.7  2.2  7.4  8.3  N 
12.4  2.5  10.1  6.7  7.9  5.2  6.8  12.2  N 
13.0  -5.8  6.0  6.2  4.0  4.3  6.2  9.6  N  , 
13.6  -1.8  6.4  6.9  1.8  2.8  6.7  7.8  N 
14.2  2.1  18.7  13.2  5.6  8.3  12.0  20.4  N 
14.8  0.0  9.6  10.3  4.4  4.7  10.8  12.7  N 
15.4  0.0  1.2  1.5  0.0  , 0.8  1.3  1.9  N 
16.0  0.0  4.8  2.7  3.4  1.7  2.9  5.0  N 
16.6  4.6  11.9  14.3  9.3  6.0  11.0  14.5  N 
17.2  5.5  7.6  8.4  7.6  4.2  7.3  10.0  N 
17.8  0.0  7.1  14.7  10.4  4.6  8.8  18.1  N 
18.4  2.0  13.0  12.2  8.4  5.4  12.9  13.5  N 
19.0  12.4  18.4  22.0  12.4  8.9  8.6  23.5  N 
19.6  -0.5  7.1  7.8  4.2  4.3  7.5  8.3  N 
20.2  0.0  11.8  11.2  3.8  4.5  11.3  13.5  N  see end for dist=20.8m 
21.4  5.0  11.5  18.9  5.0  5.6  12.1  20.4  N 
22.0  -1.5  1.5  1.8  3.4  1.1  1.6  2.1  N 
22.6  3.0  8.5  13.1  4.9  3.6  8.7  14.2  N 
23.2  -7.5  12.0  14.8  0.0  7.4  14.0  18.4  N 
23.8  0.0  7.1  4.0  6.9  2.8  3.9  8.0  N 
24.4  4.5  11.7  11.7  6.9  7.5  11.4  11.7  N Table G.11 (Continued) 
Distance  Exposure  x 
on tape (m)  (cm)  (cm) 
25.0  7.4  15.2 
25.6  9.1  11.4 
26.2  3.6  20.4 
26.8  -3.2  6.8 
27.4  3.1  5.4 
28.0  3.9  11.3 
28.6  3.1  10.7 
29.2  3.4  10.6 
29.8  4.0  5.2 
30.4  5.0  7.9 
31.0  -4.0  5.1 
31.6  4.9  5.8 
32.2  -2.0  7.8 
32.8  0.0  11.9 
33.4  8.4  17.0 
34.0  -1.2  9.7 
34.6  3.5  15.2 
35.2  0.0  8.2 
35.8  0.8  10.5 
36.4  0.0  5.6 
37.0  3.7  11.3 
37.6  5.9  12.2 
38.2  3.4  20.4 
38.8  4.2  8.7 
39.4  3.0  2.8 
40.0  7.0  7.6 
y 
(cm) 
43.5 
17.7 
11.9 
7.9 
3.9 
13.0 
12.9 
10.5 
7.8 
10.4 
4.9 
8.3 
10.2 
16.6 
9.4 
9.9 
16.4 
6.5 
8.9 
7.2 
11.6 
11.1 
17.6 
10.1 
4.8 
12.0 
z 
(cm) 
10.9 
11.7 
8.3 
0.0 
3.3 
9.2 
6.6 
10.4 
4.0 
7.9 
1.0 
4.9 
4.8 
6.6 
9.0 
6.6 
6.8 
0.0 
4.0 
2.1 
4.8 
8.8 
7.4 
5.6 
3.0 
7.0 
a 
(cm) 
15.1 
5.7 
6.3 
4.0 
3.9 
5.8 
4.5 
8.0 
4.2 
5.5 
7.1 
,6.6 
6.8 
7.5 
7.4 
6.4 
5.3 
4.3 
7.0 
7.9 
5.2 
7.1 
9.4 
4.3 
2.4 
8.3 
b 
(cm) 
17.7 
14.2 
13.0 
6.7 
4.9 
12.9 
11.5 
11.1 
7.8 
7.7 
8.2 
8.6 
7.8 
11.4 
14.2 
10.2 
15.8 
6.2 
9.7 
10.4 
10.3 
9.5 
15.7 
11.8 
5.2 
13.6 
c 
(cm) 
43.5 
17.4 
22.0 
9.4 
6.6 
13.4 
12.9 
14.4 
16.4 
10.4 
9.8 
11.0 
11.9 
17.5 
18.4 
11.8 
16.2 
11.0 
14.5 
12.5 
13.1 
18.7 
24.3 
15.0 
6.1 
20.0 
veg?  veg role  Notes 
mJr/mNr 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N Table G.11 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
40.6  5.1  13.6  8.5  8.4  5.5  10.4  15.6  N  
41.2  13.0  14.2  21.1  13.0  9.2  15.3  22.4  N  
41.8  9.2  15.1  10.4  9.2  8.0  12.2  16.6  N  
42.4  3.4  9.2  9.7  3.4  7.4  9.3  11.9  N  
43.0  8.4  17.4  18.8  8.4  13.5  18.6  23.0  N  
43.6  1.7  4.1  2.8  2.9  3.4  3.8  4.4  N  
44.2  3.3  9.8  8.6  3.3  4.2  8.5  11.7  N  
44.8  4.2  14.4  11.2  6.8  10.3  12.6  15.1  N  
45.4  -1.6  8.0  6.8  3.5  4.3  7.1  10.1  N  
46.0  0.0  7.6  6.5  4.4  3.4  8.6  9.3  N  
46.6  11.5  19.3  16.8  15.0  12.2  17.4  21.3  N  
47.2  4.1  12.4  15.9  8.3  . 6.2  14.0  17.1  N  
47.8  3.9  6.0  6.2  5.0  4.1  6.0  7.1  N  
48.4  4.4  7.8  13.7  4.8  4.0  8.2  15.6  N  
49.0  9.9  11.0  15.7  9.9  13.7  15.8  16.7  N  
49.6  0.0  7.6  5.5  0.0  2.6  5.2  10.2  N  
50.2  -4.2  4.7  5.8  2.1  2.6  5.2  7.0  N  
Notes: G2 to G3. Distance = 20.8 m, exposure = -11.0, sand pocket 12.0 cm parallel. 236 
Table G.12 Percent finer calculations for Site G (RM 92.5, Wood Cemetery). 
Site G  1995  Site G  1995  Site G  1995 
b-axis  % finer  b-axis  % finer  b-axis  % finer 
(cm)  (cm)  (cm) 
1.3  0.0  8.0  34.7  12.0  71.1 
1.6  0.8  8.1  36.4  12.1  71.9 
2.3  1.7  8.2  37.2  12.1  71.9 
2.9  2.5  8.2  37.2  12.2  73.6 
3.5  3.3  8.2  37.2  12.4  74.4 
3.7  4.1  8.4  39.7  12.6  75.2 
3.8  5.0  8.5  40.5  12.7  76.0 
3.9  5.8  8.6  41.3  12.8  76.9 
4.3  6.6  8.6  41.3  12.9  77.7 
4.5  7.4  8.6  41.3  12.9  77.7 
4.5  7.4  8.6  41.3  13.0  79.3 
4.7  9.1  8.7  44.6  13.6  80.2 
4.9  9.9  8.7  44.6  13.6  80.2 
5.2  10.7  8.8  46.3  13.8  81.8 
5.2  10.7  9.3  47.1  14.0  82.6 
5.2  10.7  9.3  47.1  14.0  82.6 
5.4  13.2  9.5  48.8  14.2  84.3 
5.7  14.0  9.7  49.6  14.2  84.3 
5.9  14.9  10.1  50.4  14.6  86.0 
6.0  15.7  10.2  51.2  15.2  86.8 
6.1  16.5  10.2  51.2  15.3  87.6 
6.2  17.4  10.3  52.9  15.5  88.4 
6.2  17.4  10.3  52.9  15.7  89.3 
6.3  19.0  10.3  52.9  15.7  89.3 
6.5  19.8  10.4  55.4  15.8  90.9 
6.6  20.7  10.4  55.4  15.8  90.9 
6.7  21.5  10.5  57.0  16.0  92.6 
6.7  21.5  10.7  57.9  16.5  93.4 
6.8  23.1  10.7  57.9  17.4  94.2 
7.1  24.0  10.8  59.5  17.7  95.0 
7.2  24.8  10.8  59.5  17.7  95.0 
7.3  25.6  10.9  61.2  18.3  961 
7.4  26.4  11.0  62.0  18.6  97.5 
7.4  27.3  11.1  62.8  19.3  98.3 
7.5  28.1  11.3  63.6  20.7  99.2 
7.7  28.9  11.4  64.5 
7.7  28.9  11.4  64.5 
7.7  28.9  11.5  66.1 
7.8  31.4  11.5  66.1 
7.8  31.4  11.6  67.8 
7.8  31.4  11.7  68.6 
7.9  33.9  11.8  69.4 
8.0  34.7  11.9  70.2 Table G.13 Particle size data for Site H (RM 90.4, Fornication Islands) and Site I (RM 90.2, Frog Springs). Measurements taken on 
both sides of a series of central islands downstream of Site H and upstream of Site I. 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
1.6  1.5  4.3  4.2  3.2  3.1  3.9  7.5  N  8/19/95  
2.2  0.0  10.5  19.7  0.0  4.8  14.5  24.3  N  measurement group #1  
2.8  5.3  14.2  19.1  5.3  5.2  18.0  20.4  N  
3.4  1.8  9.1  6.5  2.6  1.9  6.6  11.5  N  
4.0  21.7  19.5  28.2  21.7  13.8  23.9  27.9  N  
4.6  1.0  10.8  10.9  5.5  4.5  10.3  12.5  N  
5.2  -0.2  3.9  3.6  1.9  2.2  3.6  4.0  N  
5.8  5.3  7.0  14.2  5.3  5.3  7.4  14.9  N  
6.4  -4.3  6.4  6.4  2.7  2.1  6.5  7.1  N  
7.0  5.5  9.3  11.1  10.2  8.3  8.5  15.8  N  
7.6  1.7  6.6  7.4  2.7  5.9  7.3  9.4  N  i 
8.2  2.1  5.8  5.0  4.0  3.0  4.9  11.9  N  
8.8  3.6  10.0  15.3  6.4  4.6  10.7  15.4  N  
9.4  3.6  8.1  9.6  5.0  4.6  7.1  10.0  N  
10.0  5.4  16.9  11.3  5.4  6.7  12.5  17.5  N  
10.6  4.6  17.0  17.0  9.3  6.4  15.7  22.3  N  
11.2  3.9  10.2  15.2  6.9  5.1  10.8  15.5  N  
11.8  9.1  11.5  19.2  9.1  11.7  15.2  22.6  N  
12.4  3.6  8.1  10.4  3.6  4.6  7.4  12.9  N  
13.0  8.0  10.0  13.3  8.0  5.0  9.9  13.9  N  
13.6  0.5  7.1  13.2  5.7  6.0  8.2  12.7  N  
14.2  -3.5  25.4  16.6  7.6  15.6  16.2  27.1  N  
14.8  4.9  6.1  6.1  4.9  3.7  6.1  7.3  N  
15.4  -0.6  2.3  2.9  3.4  1.7  4.4  6.3  N  
16.0  2.9  3.7  3.4  2.9  2.9  3.7  4.3  N  Table G.13 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJ r/mNr 
16.6  1.2  6.8  10.0  3.0  4.8  6.7  11.3  N 
17.2  1.2  4.3  6.0  3.2  4.8  5.0  6.0  N 
17.8  2.1  11.0  7.3  6.5  4.7  7.1  12.8  N 
18.4  4.7  5.8  8.2  4.7  7.0  9.8  11.2  N 
19.0  1.1  7.8  6.3  4.1  4.1  6.1  11.2  N 
19.6  -0.4  6.0  9.3  4.7  5.0  7.1  11.4  N 
20.2  4.7  8.3  5.0  4.7  4.7  5.2  10.4  N 
20.8  1.4  4.6  4.3  3.0  3.0  6.0  7.1  N 
21.4  0.6  5.6  5.9  1.7  2.9  5.5  6.3  N 
22.0  0.7  10.1  8.0  2.6  3.5  8.2  12.7  N 
1.6  5.5  23.6  15.1  11.3  10.1  13.0  24.7  N  8/19/95 
2.2  0.2  2.4  5.0  0.2  ,  2.8  4.2  4.6  N  measurement group #2 
2.8  0.0  13.8  17.4  8.6  13.1  18.3  19.9  N 
3.4  0.0  8.6  8.5  6.4  5.3  7.4  11.1  N 
4.0  4.5  12.0  14.6  13.0  10.1  12.3  14.3  N 
4.6  0.0  4.0  3.4  0.0  2.2  3.7  4.4  N 
5.2  1.6  4.3  5.1  2.3  3.6  4.9  6.0  N 
5.8  5.7  6.8  8.1  5.7  5.7  7.7  9.6  N 
6.4  1.3  5.0  4.1  1.3  2.4  4.0  4.8  N 
7.0  2.1  5.1  6.3  2.1  2.2  6.5  7.5  N 
7.6  0.8  7.7  9.7  1.4  3.6  7.1  12.1  N 
8.2  6.9  17.0  13.1  9.9  10.0  13.4  17.7  N 
8.8  -0.9  11.6  7.3  0.0  7.3  15.0  24.2  N 
9.4  5.4  13.1  15.3  5.4  5.9  12.3  17.8  N 
10.0  0.0  3.0  2.2  1.5  2.2  2.6  4.1  N 
10.6  4.1  10.3  11.6  4.1  5.6  10.2  15.2  N Table G.13 (Continued) 
Distance  Exposure  x  y  z  a  b  c  veg?  veg role  Notes 
on tape (m)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  (cm)  mJr/mNr 
11.2  4.7  11.9  10.3  8.3  6.6  10.7  13.3  N  ? on exposure value 
11.8  4.1  8.0  9.9  9.5  7.0  7.7  11.8  N 
12.4  0.0  7.0  4.1  3.1  2.9  4.2  7.3  N 
13.0  2.7  3.6  4.0  3.9  2.8  4.1  5.3  N 
13.6  -7.8  5.0  4.4  3.6  2.0  6.3  10.4  N 
14.2  -1.7  4.5  4.5  0.0  2.3  4.2  5.3  N 
14.8  2.2  11.7  12.3  4.1  7.2  11.5  17.1  N 
15.4  4.9  5.7  8.1  4.9  3.0  6.4  8.3  N 
16.0  6.0  14.3  14.3  10.7  5.0  12.1  16.7  N 
16.6  2.5  4.5  4.8  7.4  4.6  6.0  8.1  N 
17.2  3.8  10.8  10.5  5.6  4.0  10.1  11.2  N 
17.8  11.2  7.3  15.7  14.9  , 9.4  15.1  17.2  N 
18.4  4.9  9.3  6.9  4.9  4.3  9.7  10.2  N 
19.0  -1.9  19.0  10.9  11.0  9.4  13.2  21.6  N 
19.6  6.2  16.1  17.2  13.8  9.3  16.2  17.8  N 
20.2  0.0  6.1  6.7  6.8  6.5  7.3  8.6  N 
20.8  2.2  8.1  6.5  4.9  5.2  5.5  8.7  N 
21.4  10.2  24.5  20.6  15.7  9.9  19.7  27.1  N 
22.0  -0.7  13.0  12.0  7.4  3.9  13.2  14.7  N 
22.9  14.0  14.1  16.0  14.0  15.2  15.6  21.7  N 
23.2  13.3  26.6  18.7  13.3  10.9  17.9  26.1  N 
23.8  2.8  5.1  4.9  2.8  3.9  5.1  6.4  N 
24.4  2.7  4.3  3.2  5.2  3.3  4.3  8.4  N 
25.0  -1.6  8.4  10.0  4.6  5.1  7.1  12.0  N 
25.6  -2.4  12.7  11.6  4.2  3.4  13.2  14.1  N 
26.2  1.8  3.5  5.3  5.1  3.4  4.0  5.4  N Table G.13 (Continued) 
Distance  Exposure  x 
on tape (m)  (cm)  (cm) 
26.8  2.6  5.9 
27.4  -1.2  8.7 
28.0  1.4  6.1 
28.6  7.3  9.2 
29.2  5.5  18.0 
29.8  3.8  7.6 
30.4  -5.0  3.3 
31.0  1.4  5.2 
31.6  1.9  4.5 
32.2  7.7  16.7 
32.8  -0.6  3.5 
33.4  -1.7  4.6 
34.0  -1.4  3.6 
34.6  0.0  2.5 
35.2  11.2  14.3 
35.8  4.6  11.9 
y 
(cm) 
5.4 
7.4 
9.2 
9.3 
16.3 
7.4 
3.5 
8.7 
3.8 
17.7 
5.4 
5.7 
5.4 
3.1 
14.1 
8.5 
z 
(cm) 
2.6 
6.2 
7.0 
7.3 
7.6 
4.7 
2.4 
1.4 
1.9 
10.3 
4.2 
3.9 
3.4 
1.6 
14.1 
5.5 
a 
(cm) 
3.5 
4.1 
5.9 
3.4 
4.7 
5.1 
1.5 
2.8 
2.2 
12.8 
3.4 
4.5 
2.1 
2.2 
8.9 
4.3 
b 
(cm) 
6.0 
8.7 
9.2 
10.0 
16.2 
6.9 
4.2 
5.7 
3.9 
15.6 
3.8 
5.2 
4.3 
2.6 
14.9 
10.6 
c 
(cm) 
7.0 
11.5 
12.7 
12.5 
18.4 
9.7 
4.4 
8.9 
4.7 
26.0 
6.4 
6.9 
5.8 
3.4 
16.0 
12.6 
veg?  veg role  Notes 
mJr/mNr 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 241 
Table G.14 Percent finer calculations for Site H (RM 90.4, Fornication Islands) 
and Site I (RM 90.2, Frog Springs). 
Sites H/I  1995  Sites H/I  1995  Sites H/I  1995 
b-axis  % finer  b-axis  % finer  b-axis  % finer 
(cm)  (cm)  (cm) 
2.6  0.0  7.1  41.9  16.2  91.4 
2.6  0.0  7.3  47.3  16.2  91.4 
3.6  2.2  7.3  47.3  17.9  94.6 
3.7  3.2  7.4  49.5  18.0  95.7 
3.7  3.2  7.4  49.5  18.3  96.8 
3.8  5.4  7.4  49.5  19.7  97.8 
3.9  6.5  7.7  52.7  23.9  98.9 
3.9  6.5  7.7  52.7 
4.0  8.6  8.2  54.8 
4.0  8.6  8.2  54.8 
4.1  10.8  8.5  57.0 
4.2  11.8  8.7  58.1 
4.2  11.8  9.2  59.1 
4.2  11.8  9.7  60.2 
4.2  11.8  9.8  61.3 
4.3  16.1  9.9  62.4 
4.3  16.1  10.0  63.4 
4.4  18.3  10.1  64.5 
4.9  19.4  10.2  65.6 
4.9  19.4  10.3  66.7 
5.0  21.5  10.6  67.7 
5.1  22.6  10.7  68.8 
5.2  23.7  10.7  68.8 
5.2  23.7  10.8  71.0 
5.5  25.8  11.5  72.0 
5.5  25.8  12.1  73.1 
5.7  28.0  12.3  74.2 
6.0  29.0  12.3  74.2 
6.0  29.0  12.5  76.3 
6.0  29.0  13.0  77.4 
6.1  32.3  13.2  78.5 
6.1  32.3  13.2  78.5 
6.3  34.4  13.2  78.5 
6.4  35.5  13.4  81.7 
6.5  36.6  14.5  82.8 
6.5  36.6  14.9  83.9 
6.6  38.7  15.0  84.9 
6.7  39.8  15.1  86.0 
6.9  40.9  15.2  87.1 
7.1  41.9  15.6  88.2 
7.1  41.9  15.6  88.2 
7.1  41.9  15.7  90.3 
7.1  41.9  16.2  91.4 242 
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HEC-RAS  Reach: Site B 
River Sta.  Plan  Q Total  E.G. Slope  Hydr Depth  Tau 
B  (m3/s)  (nVm)  (m)  (N/m2) 
4.1  2bB9/95  96.28  0.00078  1.22  9.32 
4.1  FBQ=100  100  0.00077  1.25  9.44 
4.1  FBQ=200  200  0.00137  1.83  24.7 
4.1  FBQ=300  300  0.00182  2.42  43.3 
4.1  FBQ=400  400  0.00233  2.91  66.5 
4.1  FBQ=500  500  0.00287  3.40  95.6 
4.1  FB2/96  509.7  0.00293  3.45  99.0 
3.2  2bB9/95  96.28  0.00077  1.31  9.88 
3.2  FBQ=100  100  0.00077  1.33  10.0 
3.2  FBQ=200  200  0.00166  1.88  30.6 
3.2  FBQ=300  300  0.00243  2.43  58.0 
3.2  FBQ=400  400  0.00332  2.89  94.0 
3.2  FBQ=500  500  0.00428  3.32  139.2 
3.2  FB2/96  509.7  0.00439  3.36  144.5 
2.3  2bB9/95  96.28  0.00077  1.55  11.7 
2.3  FBQ=100  100  0.00077  1.58  12.0 
2.3  FBQ=200  200  0.00149  2.12  30.9 
2.3  FBQ=300  300  0.00211  2.63  54.5 
2.3  FBQ=400  400  0.00280  3.04  83.6 
2.3  FBQ=500  500  0.00340  3.46  115.5 
2.3  FB2/96  509.7  0.00350  3.50  120.0 
1.4  2bB9/95  96.28  0.00080  1.43  11.2 
1.4  FBQ=100  100  0.00080  1.46  11.5 
1.4  FBQ=200  200  0.00150  1.99  29.3 
1.4  FBQ=300  300  0.00210  2.50  51.5 
1.4  FBQ=400  400  0.00280  2.90  79.6 
1.4  FBQ=500  500  0.00340  3.30  110.0 
1.4  FB2/96  509.7  0.00350  3.34  114.6 244 
HEC-RAS Reach: Site B 
River Sta.  Plan  Q Total  Tau  River Sta.  Plan  Q Total  Tau 
B  (m3/s)  (N/m2)  B  (m3/s)  (N/m2) 
4.1 
3.2 
2.3 
1.4 
2bB9/95 
2bB9/95 
2bB9/95 
2bB9/95 
96.28 
96.28 
96.28 
96.28 
ave 
9.32 
9.88 
11.7 
11.2 
10.5 
4.1 
3.2 
2.3 
1.4 
FBQ=400 
FBQ=400 
FBQ=400 
FBQ=400 
400 
400 
400 
400 
ave 
66.5 
94.0 
83.6 
79.6 
80.9 
4.1 
3.2 
2.3 
1.4 
FBQ=100 
FBQ=100 
FBQ=100 
FBQ =100 
100 
100 
100 
100 
ave 
9.44 
10.0 
12.0 
11.5 
10.7 
4.1 
3.2 
2.3 
1.4 
FBQ=500 
FBQ=500 
FBQ=500 
FBQ=500 
500 
500 
500 
500 
ave 
95.6 
139.2 
115.5 
110.0 
115.1 
4.1 
3.2 
2.3 
1.4 
FBQ=200 
FBQ=200 
FBQ=200 
FBQ=200 
200 
200 
200 
200 
ave 
24.7 
30.6 
30.9 
29.3 
28.9 
4.1 
3.2 
2.3 
1.4 
FB2/96 
FB2/96 
FB2/96 
FB2/96 
509.7 
509.7 
509.7 
509.7 
ave 
99.0 
144.5 
120.0 
114.6 
119.5 
4.1 
3.2 
2.3 
1.4 
FBQ=300 
FBQ=300 
FBQ=300 
FBQ=300 
300 
300 
300 
300 
ave 
43.3 
58.0 
54.5 
51.5 
51.8 
Q Total 
(mJ/s) 
Shear Tot 
(N/e) 
Tan 
D50 = 
0.0775 m 
% t 
from lwr 
Q crit 
96.28  10.5  62.2 
100  10.7  62.2 
200  28.9  62.2 
300  51.8  62.2  0.36  336 
400  80.9  62.2 
500  115  62.2 
509.7  120  62.2 245 
HEC-RAS  Reach: Site D 
River Sta.  Plan  Q Total  E.G. SlopeHydr Depth  Tau 
D  (m3/s)  (m/m)  (m)  (N/m2) 
4.1  2bD9/95  98  0.00212  1.31  27.2 
4.1  FDQ100  100  0.00217  1.31  27.9 
4.1  FDQ200  200  0.00261  1.83  46.8 
4.1  FDQ300  300  0.00327  2.00  64.1 
4.1  FDQ400  400  0.00390  2.13  81.5 
4.1  FDQ500  500  0.00416  2.19  89.3 
4.1  FD2/96  585.6  0.00434  2.26  96.1 
3.2  2bD9/95  98  0.00201  1.33  26.2 
3.2  FDQ100  100  0.00208  1.33  27.1 
3.2  FDQ200  200  0.00280  1.71  47.0 
3.2  FDQ300  300  0.00398  1.85  72.2 
3.2  FDQ400  400  0.00457  2.08  93.2 
3.2  FDQ500  500  0.00455  2.33  104.0 
3.2  FD2/96  585.6  0.00547  2.07  111.1 
2.3  2bD9/95  98  0.00292  1.06  30.3 
2.3  FDQ100  100  0.00325  1.06  33.8 
2.3  FDQ200  200  0.00397  1.29  50.2 
2.3  FDQ300  300  0.00481  1.58  74.5 
2.3  FDQ400  400  0.00531  1.86  96.9 
2.3  FDQ500  500  0.00593  1.84  107.0 
2.3  FD2/96  585.6  0.00615  1.95  117.7 
1.4  2bD9/95  98  0.00220  1.07  23.1 
1.4  FDQ100  100  0.00220  1.07  23.1 
1.4  FDQ200  200  0.00290  1.34  38.1 
1.4  FDQ300  300  0.00350  1.64  56.3 
1.4  FDQ400  400  0.00420  1.86  76.7 
1.4  FDQ500  500  0.00480  1.83  86.2 
1.4  FD2/96  585.6  0.00540  1.88  99.5 246 
HEC-RAS  Reach: Site D 
River Sta.  Plan  Q Total  Tau  River Sta. I  Plan  Q Total  Tau 
D  (m3/s)  (N/m2)  D  (m3/s)  (N/m2) 
4.1  2bD9/95  98  27.2  4.1  FDQ400  400  81.5 
3.2  2bD9/95  98  26.2  3.2  FDQ400  400  93.2 
2.3  2bD9/95  98  30.3  2.3  FDQ400  400  96.9 
1.4  2bD9/95  98  23.1  1.4  FDQ400  400  76.7 
ave  26.7  ave  87.1 
4.1  FDQ100  100  27.9  4.1  FDQ500  500  89.3 
3.2  FDQ100  100  27.1  3.2  FDQ500  500  104.0 
2.3  FDQ100  100  33.8  2.3  FDQ500  500  107.0 
1.4  FDQ100  100  23.1  1.4  FDQ500  500  86.2 
ave  28.0  ave  96.6 
4.1  FDQ200  200  46.8  4.1  FD2/96  585.6  96.1 
3.2  FDQ200  200  47.0  3.2  FD2/96  585.6  111.1 
2.3  FDQ200  200  50.2  2.3  FD2/96  585.6  117.7 
1.4  FDQ200  200  38.1  1.4  FD2/96  585.6  99.5 
ave  45.5  ave  106.1 
4.1  FDQ300  300  64.1 
3.2  FDQ300  300  72.2 
2.3  FDQ300  300  74.5 
1.4  FDQ300  300  56.3 
ave  66.8 
Tot 
Q Total  Shear Tot  Dso =  % t  Q crit 
(e/s)  (N/e)  0.095 m  from lwr 
98  26.7  76.2 
100  28.0  76.2 
200  45.5  76.2 
300  66.8  76.2  0.47  347 
400  87.1  76.2 
500  96.6  76.2 
585.6  106  76.2 247 
HEC-RAS  Reach: Site E 
River Sta.  Plan  ..-,'. Total  E.G. Slope  Hydr Depth  Tau 
E  (m3/s)  (m/m)  (m)  (N/m2) 
6.1  E 9/95  101.95  0.0021  1.25  26.3 
6.1  E 200  200  0.0030  1.71  49.7 
6.1  EQ300  300  0.0033  2.09  68.3 
6.1  EQ400  400  0.0035  2.38  82.1 
6.1  EQ500  500  0.0035  2.72  92.5 
6.1  E 2/96  585.6  0.0033  3.02  97.9 
5.2  E 9/95  101.95  0.0024  0.91  21.6 
5.2  E 200  200  0.0034  1.34  45.3 
5.2  EQ300  300  0.0039  1.74  67.3 
5.2  EQ400  400  0.0044  2.17  93.5 
5.2  EQ500  500  0.0046  2.58  117.0 
5.2  E 2/96  585.6  0.0048  2.87  134.7 
4.3  E 9/95  101.95  0.0022  0.93  20.2 
4.3  E 200  200  0.0030  1.33  38.5 
4.3  EQ300  300  0.0031  1.74  52.9 
4.3  EQ400  400  0.0033  2.06  66.0 
4.3  EQ500  500  0.0033  2.45  79.5 
4.3  E 2/96  585.6  0.0031  2.81  85.1 
3.4  E 9/95  101.95  0.0021  0.6  12.6 
3.4  E 200  200  0.0021  1.06  22.1 
3.4  EQ300  300  0.0022  1.52  33.1 
3.4  EQ400  400  0.0023  1.97  44.6 
3.4  EQ500  500  0.0025  2.41  59.1 
3.4  E 2/96  585.6  0.0026  2.8  70.0 
2.5  E 9/95  101.95  0.0020  0.66  13.2 
2.5  E 200  200  0.0025  1.11  26.9 
2.5  EQ300  300  0.0028  1.57  43.1 
2.5  EQ400  400  0.0032  2.01  62.2 
2.5  EQ500  500  0.0035  2.44  83.9 
2.5  E 2/96  585.6  0.0036  2.83  100.9 
1.6  E 9/95  101.95  0.0023  0.54  12.2 
1.6  E 200  200  0.0027  0.98  26.0 
1.6  EQ300  300  0.0030  1.43  42.1 
1.6  EQ400  400  0.0034  1.86  62.0 
1.6  EQ500  500  0.0038  2.28  85.0 
1.6  E 2/96  585.6  0.0041  2.57  103.5 248 
HEC-RAS  Reach: Site E 
River Sta.  Plan  Q Total  Tau  I River Sta.  Plan  Q Total  Tau 
E  (m3/s)  (N/m2)  I  E  (m3/s)  (N/m2) 
6.1  E 9/95  101.95  26.3  6.1  EQ400  400  82.1 
5.2  E 9/95  101.95  21.6  5.2  EQ400  400  93.5 
4.3  E 9/95  101.95  20.2  4.3  EQ400  400  66.0 
3.4  E 9/95  101.95  12.6  3.4  EQ400  400  44.6 
2.5  E 9/95  101.95  13.2  2.5  EQ400  400  62.2 
1.6  E 9/95  101.95  12.2  1.6  EQ400  400  62.0 
ave  17.7  ave  68.4 
6.1  EQ200  200  49.7  6.1  EQ500  500  92.5 
5.2  EQ200  200  45.3  5.2  EQ500  500  117.0 
4.3  EQ200  200  38.5  4.3  EQ500  500  79.5 
3.4  EQ200  200  22.1  3.4  EQ500  500  59.1 
2.5  EQ200  200  26.9  2.5  EQ500  500  83.9 
1.6  EQ200  200  26.0  1.6  EQ500  500  85.0 
ave  34.7  ave  86.2 
6.1  EQ300  300  68.3  6.1  E 2/96  585.6  97.9 
5.2  EQ300  300  67.3  5.2  E 2/96  585.6  134.7 
4.3  EQ300  300  52.9  4.3  E 2/96  585.6  85.1 
3.4  EQ300  300  33.1  3.4  E 2/96  585.6  70.0 
2.5  EQ300  300  43.1  2.5  E 2/96  585.6  100.9 
1.6  EQ300  300  42.1  1.6  E 2/96  585.6  103.5 
ave  51.1  ave  98.7 
Tait 
Q Total  Shear Tot  D50 =  % t  Q crit 
(m3/s)  (N/e)  0.075 m  from lwr 
101.95	  17.7  60.2 
200  34.7  60.2 
300  51.1  60.2  0.52  352 
400  68.4  60.2  
500  86.2  60.2  
585.6  98.7  60.2 249 
HEC-RAS  Reach: Site H 
River Sta.  Plan  Q Total  E.G. Slope Hydr Dept  Tau 
H  (m3/s)  (m/m)  (m)  (N/m2) 
1.4  2bH9/95  105.32  0.0004  1.02  4.0 
1.4  FHQ200  200  0.0005  1.54  7.5 
1.4  FHQ300  300  0.0006  2.01  11.8 
1.4  FHQ400  400  0.0008  2.4  18.8 
1.4  FHQ500  500  0.0009  2.79  24.6 
1.4  FH2/96  585.6  0.0010  3.12  30.6 
2.3  2bH9/95  105.32  0.000765  1.04  7.8 
2.3  FHQ200  200  0.000881  1.56  13.5 
2.3  FHQ300  300  0.000920  2.04  18.4 
2.3  FHQ400  400  0.001076  2.43  25.6 
2.3  FHQ500  500  0.001168  2.83  32.4 
2.3  FH2/96  585.6  0.001202  3.16  37.2 
3.2  2bH9/95  105.32  0.000325  1.39  4.4 
3.2  FHQ200  200  0.000456  1.92  8.6 
3.2  FHQ300  300  0.000554  2.36  12.8 
3.2  FHQ400  400  0.000702  2.74  18.9 
3.2  FHQ500  500  0.000757  3.14  23.3 
3.2  FH2/96  585.6  0.000807  3.47  27.5 
4.1  2bH 9/95  105.32  0.000230  1.78  4.0 
4.1  FHQ200  200  0.000408  2.29  9.2 
4.1  FHQ300  300  0.000493  2.71  13.1 
4.1  FHQ400  400  0.000757  3.09  22.9 
4.1  FHQ500  500  0.000893  3.46  30.3 
4.1  FH2/96  585.6  0.000974  3.76  35.9 250 
HEC -RAS  Reach: Site H 
River Sta.  Plan  Q Total  Tau  I River Sta.  Plan  0 Total  Tau 
H  (m3/s)  (N/m2)  I  H  (m3/s)  (N/m2) 
4.1  2bH9/95  105.32  4.01  4.1  FHQ400  400  22.9 
3.2  2bH9/95  105.32  4.43  3.2  FHQ400  400  18.9 
2.3  2bH9/95  105.32  7.80  2.3  FHQ400  400  25.6 
1.4  2bH9/95  105.32  4.00  1.4  FHQ400  400  18.8 
ave  5.06  ave  21.6 
4.1  FHQ200  200  9.16  4.1  FHQ500  500  30.3 
3.2  FHQ200  200  8.58  3.2  FHQ500  500  23.3 
2.3  FHQ200  200  13.5  2.3  FHQ500  500  32.4 
1.4  FHQ200  200  7.55  1.4  FHQ500  500  24.6 
ave  9.69  ave  27.7 
4.1  FHQ300  300  13.1  4.1  FH2/96  585.6  35.9 
3.2  FHQ300  300  12.8  3.2  FH2/96  585.6  27.5 
2.3  FHQ300  300  18.4  2.3  FH2/96  585.6  37.2 
1.4  FHQ300  300  11.8  1.4  FH2/96  585.6  30.6 
ave  14.0  ave  32.8 
Tan 
Q Total  Shear Tot  D 5 0 =  % t  Q crit 
(m3/s)  (N/m2)  0.0745 m  from lwr 
105.32	  5.06  59.8 
200  9.69  59.8 
300  14.0  59.8 
400  21.6  59.8 
500  27.7  59.8 
585.6  32.8  59.8 251 
HEC-RAS  Reach: Reach I 
River Sta.  Plan  Q Total  E.G. Slope  Hydr Depth  Tau 
I  (m3/s)  (m/m)  (m)  (N/m2) 
7.1  I 9/95a  104.27  0.0017  1.56  25.5 
7.1  I 9/95  104.27  0.0017  1.56  25.5 
7.1  IQ200  200  0.0016  2.25  35.1 
7.1  10300  300  0.0016  2.78  43.9 
7.1  10400  400  0.0016  3.24  51.5 
7.1  IQ500  500  0.0017  3.63  59.3 
7.1  I 2/96  585.6  0.0017  3.89  66.3 
6.2  I 9/95a  104.27  0.0018  1.75  31.6 
6.2  I 9/95  104.27  0.0018  1.75  31.6 
6.2  10200  200  0.0022  2.15  47.4 
6.2  1Q300  300  0.0024  2.46  58.8 
6.2  1Q400  400  0.0025  2.66  66.1 
6.2  10500  500  0.0026  2.98  75.1 
6.2  I 2/96  585.6  0.0025  3.26  80.6 
5.3  I 9/95a  104.27  0.0020  1.55  30.6 
5.3  I 9/95  104.27  0.0020  1.55  30.6 
5.3  10200  200  0.0026  2.03  51.5 
5.3  1Q300  300  0.0029  2.45  69.9 
5.3  IQ400  400  0.0038  2.31  86.8 
5.3  10500  500  0.0040  2.47  96.9 
5.3  I 2/96  585.6  0.0037  2.81  101.2 
4.4  I 9/95a  104.27  0.0021  1.36  27.9 
4.4  I 9/95  104.27  0.0021  1.36  27.9 
4.4  10200  200  0.0024  1.71  39.5 
4.4  10300  300  0.0025.  2.14  53.4 
4.4  10400  400  0.0026  2.52  64.7 
4.4  10500  500  0.0028  2.86  78.9 
4.4  12/96  585.6  0.0030  3.12  91.1 
3.5  I 9/95a  104.27  0.0019  1.61  30.7 
3.5  I 9/95  104.27  0.0019  1.61  30.7 
3.5  10200  200  0.0025  1.96  47.3 
3.5  10300  300  0.0025  2.45  60.7 
3.5  1Q400  400  0.0026  2.91  72.8 
3.5  IQ500  500  0.0026  3.32  83.7 
3.5  I 2/96  585.6  0.0026  3.64  94.5 252 
Table (Continued) 
HEC-RAS  Reach: Reach I 
River Sta.  Plan  0 Total  E.G. Slope  Hydr Depth  Tau 
I  (m3/s)  (m/m)  (m)  (N/m2) 
2.6  I 9/95a  104.27  0.0022  0.99  21.7 
2.6  19/95  104.27  0.0022  0.99  21.7 
2.6  10200  200  0.0018  1.63  28.5 
2.6  10300  300  0.0018  2.15  38.5 
2.6  10400  400  0.0021  2.61  52.8 
2.6  10500  500  0.0023  3.01  69.2 
2.6  I 2/96  585.6  0.0026  3.32  85.9 
1.7  I 9/95a  104.27  0.0019  1.56  29.1 
1.7  1 9/95  104.27  0.0019  1.56  29.1 
1.7  10200  200  0.0021  2.19  45.1 
1.7  10300  300  0.0023  2.71  61.1 
1.7  10400  400  0.0025  3.15  77.3 
1.7  10500  500  0.0026  3.55  90.6 
1.7  I 2/96  585.6  0.0028  3.85  105.7 253 
I 
HEC-RAS  Reach: Reach I 
River Sta.  Plan  Q Total  Tau  I River Sta.  Plan  Q Total  Tau 
(m3/s)  (N/m2)  I  I  (m3/s)  (N/m2) 
7.1  I 9/95a  104.27  25.5  7.1  10400  400  51.5 
6.2  I 9/95a  104.27  31.6  6.2  10400  400  66.1 
5.3  I 9/95a  104.27  30.6  5.3  1Q400  400  86.8 
4.4  I 9/95a  104.27  27.9  4.4  1Q400  400  64.7 
3.5  I 9/95a  104.27  30.7  3.5  10400  400  72.8 
2.6  I 9/95a  104.27  21.7  2.6  10400  400  52.8 
1.7  I 9/95a  104.27  29.1  1.7  10400  400  77.3 
ave  28.2  ave  67.4 
7.1  I 9/95  104.27  25.5  7.1  10500  500  59.3 
6.2  I 9/95  104.27  31.6  6.2  10500  500  75.1 
5.3  I 9/95  104.27  30.6  5.3  1Q500  500  96.9 
4.4  I 9/95  104.27  27.9  4.4  IQ500  500  78.9 
3.5  I 9/95  104.27  30.7  3.5  10500  500  83.7 
2.6  I 9/95  104.27  21.7  2.6  10500  500  69.2 
1.7  19/95  104.27  29.1  1.7  1Q500  500  90.6 
ave  28.2  ave  79.1 
7.1  10200  200  35.1  7.1  I 2/96  585.6  66.3 
6.2  10200  200  47.4  6.2  I 2/96  585.6  80.6 
5.3  1Q200  200  51.5  5.3  I 2/96  585.6  101.2 
4.4  10200  200  39.5  4.4  12/96  585.6  91.1 
3.5  1Q200  200  47.3  3.5  I 2/96  585.6  94.5 
2.6  10200  200  28.5  2.6  I 2/96  585.6  85.9 
1.7  10200  200  45.1  1.7  12/96  585.6  105.7 
ave  42.1  ave  89.3 
7.1  1Q300  300  43.9 
6.2  10300  300  58.8 
5.3  10300  300  69.9 
4.4  10300  300  53.4 
3.5  10300  300  60.7 
2.6  10300  300  38.5 
1.7  10300  300  61.1 
ave  55.2 
Tait 
Q Total  Shear Tot  D50 =  % t  0 crit 
(m3/s)  (N/m2)  0.0745 m  from Iwr 
104.27	  28.2  59.8 
200  42.1  59.8 
300  55.2  59.8  0.37  337 
400  67.4  59.8 
500  79.1  59.8 
585.6  89.3  59.8 254 
APPENDIX I: EXAMPLE OF SENSITIVITY ANALYSIS  
CALCULATIONS  I.1 Critical Discharge 
IA. I Change in 1-* c.r50  and D 5os 
TAU STR  original  y = 9804 N/m3  +10%  -10% 
.  . 
Site  t cr50  D50s (m)  Tcr  t cr50  "Ca  t cr50  Tcr 
B  0.047  0.0775  62.2  0.052  68.4  0.042  56.0 
D  0.047  0.0950  76.2  0.052  83.8  0.042  68.6 
H  0.047  0.0745  59.8  0.052  65.7  0.042  53.8 
iginal D50  original 1 .-- 9804 N/M3  +10%  0% 
Site  cr50  D50s  )  Tcr  DSOs (m)  Tcr  (  "Cu 
B  0.047  0.0775  62.2  0.085  68.4  0.070  56.0 
D  0.047  0.0950  76.2  0.105  83.8  0.086  68.6 
H  0.047  0.0745  59.8  0.082  65.7  0.067  53.8 
Because the effects of r*(7.50  and D 50s  are the same on T, only one was further evaluated. 
Change in  Site B  Site D  Site H 
t cr50 or D508  t cr50  Tcr  % change  Tcr  % change  Tcr  % change 
-10%  0.042  56.0  -18.2  68.6  -18.2  53.8  -18.2 
0  0.047  62.2  76.2  - 59.8  -
10%  0.052  68.4  10.0  83.8  10.0  65.7  10.0 Site B 
Total  Shear Total 
(m3/s)  (N/M2) 
96.28	  10.5  
100  10.7  
200  28.9  
300  51.8  
400  80.9  
500  115  
509.7  120 
Q Total  Shear Total 
(m3/s)  (N/M2) 
96.28	  10.5  
100  10.7  
200  28.9  
300  51.8  
400  80.9  
500  115  
509.7  120 
Q Total  Shear Total 
(m3/s)  (N/m2) 
96.28	  10.5  
100  10.7  
200  28.9  
300  51.8  
400  80.9  
500  115 
509.7  120 
T -crit  % t from lwr 
D50 = 0.0775 m 
62.2 
62.2 
62.2 
62.2  0.36 
62.2 
62.2 
62.2 
Tait  % T from lwr 
D50 = 0.0775 m 
68.4 
68.4 
68.4 
68.4  0.57 
68.4 
68.4 
68.4 
Tait  % t from lwr 
D50 = 0.0775 m 
55.9 
55.9 
55.9 
55.9  0.14 
55.9 
55.9 
55.9 
0 crit  T.cr50 = 0.047 
original 
336 
Q crit  Tcr50 = 0.052 
+10% 
357 
0 crit  Ccr5o = 0.042 
-10% 
314 
Site D 
Total 
(m3/s) 
98 
100 
200 
300 
400 
500 
585.6 
Total 
(m3/s) 
98 
100 
200 
300 
400 
500 
585.6 
Total 
(m3/s) 
98 
100 
200 
300 
400 
500 
585.6 
Shear Total  
(N/m2)  
26.7  
28.0  
45.5  
66.8  
87.1  
97  
106  
Shear Total  
(N/m2)  
26.7  
28.0  
45.5  
66.8  
87.1  
97  
106  
Shear Total  
(N/m2)  
26.7  
28.0  
45.5  
66.8  
87.1  
97  
106  
T  % t from lwr  Q crit 
D50 = 0.095 m 
76.2 
76.2 
76.2 
76.2 
76.2 
0.47  347 
76.2 
76.2 
tcrit  % t from lwr  0 crit 
D50 = 0.095 m 
83.8 
83.8 
83.8 
83.8 
83.8 
83.8 
0.84  384 
83.8 
tcrit  T from lwr  Q crit 
D50 = 0.095 m 
68.6 
68.6 
68.6 
68.6 
68.6 
0.09  309 
68.6 
68.6 Site H 
Q Total  Shear Total  Tcot  % t from lwr  0 crit  Tcr50 = 0.047 
(m3/s)  (N/M2)  D50 = 0.0745 m  original 
105.32  5.06  59.8 
200  9.69  59.8 
300  14.0  59.8 
400  21.6  59.8 
500  27.7  59.8 
585.6  32.8  59.8 
Q Total  Shear Total  Tait  % t from lwr  Q crit  Tcr50 = 0.052 
(m3/s)  (N/m2)  D50 = 0.0745 m  +10% 
105.32  5.06  66.1 
200  9.69  66.1 
300  14.0  66.1 
400  21.6  66.1 
500  27.7  66.1 
585.6  32.8  66.1 
Q Total  Shear Total  tcrit  % t from lwr  Q crit  tcr50 = 0.042 
(m3/s)  (N/M2)  D50 = 0.0745 m  -10% 
105.32  5.06  53.4 
200  9.69  53.4 
300  14.0  53.4 
400  21.6  53.4 
500  27.7  53.4 
585.6  32.8  53.4 258 
1.1.2 Change in Slope 
The energy slopes used in the sensitivity analysis were determined by 
first calculating the standard deviation among all measured slopes in the 
primary study reach. Half of a standard deviation provided an 
adequate range of slopes, so this value was used instead of a whole 
standard deviation. Slopes for the modeled intermediate discharges 
were determined using linear interpolation between the 1995 and 1996 
values. 
In the interest of space, an example of this calculation was shown only 
for Site B (RM 98.0). 
Site  Energy  Energy 
slope '95  slope '96 
B  0.0008  0.0035 
D  0.0022  0.0054 
H  0.0004  0.0010 
I  0.0019  0.0028 
C  0.0011  0.0032 
E  0.0023  0.0041 
G  0.0010  0.0012 
MEAN  0.0014  0.0030 
STD DEV  0.0007  0.0014 
1/2 STDEV  0.0003  0.0007 
I  B -10%  B  B +10% 
Q = 9/95  0.0005  0.0008  0.0011 
Q = 100  0.0005  0.0008  0.0011 
Q = 200  0.0011  0.0015  0.0019 
0 = 300  0.0016  0.0021  0.0026 
Q = 400  0.0022  0.0028  0.0034 
Q = 500  0.0027  0.0034  0.0041 
Q = 2/96  0.0028  0.0035  0.0042 259 
SLOPE  HEC-RAS  Reach: Site B  original 
River Sta.  Plan  Q Total  E.G. Slope  Hydr Depth  Tau 
Site B  (m3/s)  (m/m)  (m)  (N/m2) 
4.1  2bB9/95  96.28  0.0008  1.22  9.32 
4.1  FBQ=100  100  0.0008  1.25  9.44 
4.1  FBQ=200  200  0.0014  1.83  24.7 
4.1  FBQ =300  300  0.0018  2.42  43.3 
4.1  FBQ=400  400  0.0023  2.91  66.5 
4.1  FBQ=500  500  0.0029  3.40  95.6 
4.1  FB2/96  509.7  0.0029  3.45  99.0 
3.2  2bB9/95  96.28  0.0008  1.31  9.88 
3.2  FBQ=100  100  0.0008  1.33  10.0 
3.2  FBQ=200  200  0.0017  1.88  30.6 
3.2  FBQ=300  300  0.0024  2.43  58.0 
3.2  FBQ=400  400  0.0033  2.89  94.0 
3.2  FBQ=500  500  0.0043  3.32  139 
3.2  FB2/96  509.7  0.0044  3.36  144 
2.3  2bB9/95  96.28  0.0008  1.55  11.7 
2.3  FBQ =100  100  0.0008  1.58  12.0 
2.3  FBQ=200  200  0.0015  2.12  30.9 
2.3  FBQ=300  300  0.0021  2.63  54.5 
2.3  FBQ=400  400  0.0028  3.04  83.6 
2.3  FBQ =500  500  0.0034  3.46  115 
2.3  FB2/96  509.7  0.0035  3.50  120 
1.4  2bB9/95  96.28  0.0008  1.43  11.2 
1.4  FBQ=100  100  0.0008  1.46  11.5 
1.4  FBQ=200  200  0.0015  1.99  29.3 
1.4  FBQ=300  300  0.0021  2.5  51.5 
1.4  FBQ =400  400  0.0028  2.9  79.6 
1.4  FBQ=500  500  0.0034  3.3  110.0 
1.4  FB2/96  509.7  0.0035  3.34  114.6 260 
SLOPE  HEC-RAS  Reach: Site B  original 
River Sta.  Plan  Q Total  Tau  River Sta.  Plan  Q Total  Tau 
Site B  (m3/s)  (N/m2)  Site B  (m3/s)  (N/m2) 
4.1 
3.2 
2.3 
1.4 
2bB9/95 
2bB9/95 
2bB9/95 
2bB9/95 
96.28 
96.28 
96.28 
96.28 
ave 
9.32 
9.9 
11.7 
11.2 
10.5 
4.1 
3.2 
2.3 
1.4 
FBQ=400 
FBQ=400 
FBQ=400 
FBQ=400 
400 
400 
400 
400 
ave 
66.5 
94.0 
83.6 
79.6 
80.9 
4.1 
3.2 
2.3 
1.4 
FBQ=100 
FBQ=100 
FBQ=100 
FBQ=100 
100 
100 
100 
100 
ave 
9.44 
10.0 
12.0 
11.5 
10.7 
4.1 
3.2 
2.3 
1.4 
FBQ=500 
FBQ=500 
FBQ=500 
FBQ=500 
500 
500 
500 
500 
ave 
95.6 
139.2 
115.5 
110.0 
115.1 
4.1 
3.2 
2.3 
1.4 
FBQ=200 
FBQ=200 
FBQ=200 
FBQ=200 
200 
200 
200 
200 
ave 
24.7 
30.6 
30.9 
29.3 
28.9 
4.1 
3.2 
2.3 
1.4 
FB2/96 
FB2/96 
FB2/96 
FB2/96 
509.7 
509.7 
509.7 
509.7 
ave 
99.0 
144.5 
120.0 
114.6 
119.5 
4.1 
3.2 
2.3 
1.4 
FBQ=300 
FBQ =300 
FBQ=300 
FBQ=300 
300 
300 
300 
300 
ave 
43.3 
58.0 
54.5 
51.5 
51.8 
original 
Q Total 
(m3/s) 
Shear Tot 
(N/m2) 
Tan 
D50 = 
0.0775 m 
% t 
from lwr 
Q crit 
96.28  10.5  62.2 
100  10.7  62.2 
200  28.9  62.2 
300  51.8  62.2  0.36  336 
400  80.9  62.2 
500  115  62.2 
509.7  120  62.2 261 
SLOPE  HEC-RAS  Reach: Site B  +X% 
River Sta.  Plan  Q Total  E.G. Slope  Hydr Depth  Tau 
Site B  (m3/s)  (m/m)  (m)  (N/m2) 
4.1  FB9/95+  96.28  0.0011  1.12  11.6 
4.1  FBQ100+  100  0.0011  1.13  12.1 
4.1  FBQ200+  200  0.0017  1.74  28.5 
4.1  FBQ300+  300  0.0021  2.32  48.2 
4.1  FBQ400+  400  0.0026  2.82  72.8 
4.1  FBQ500+  500  0.0032  3.30  104 
4.1  FB2/96+  509.7  0.0033  3.35  107 
3.2  FB9/95+  96.28  0.0010  1.21  12.2 
3.2  FBQ100+  100  0.0011  1.22  12.8 
3.2  FBQ200+  200  0.0021  1.77  35.9 
3.2  FBQ300+  300  0.0029  2.32  65.8 
3.2  FBQ400+  400  0.0038  2.78  104 
3.2  FBQ500+  500  0.0049  3.22  153 
3.2  FB2/96+  509.7  0.0050  3.27  159 
2.3  FB9/95+  96.28  0.0010  1.45  14.1 
2.3  FBQ100+  100  0.0010  1.46  14.8 
2.3  FBQ200+  200  0.0018  2.00  36.0 
2.3  FBQ300+  300  0.0025  2.51  62.4 
2.3  FBQ400+  400  0.0033  2.92  94.1 
2.3  FBQ500+  500  0.0039  3.32  129 
2.3  FB2/96+  509.7  0.0040  3.36  133 
1.4  FB9/95+  96.28  0.0011  1.31  14.1 
1.4  FBQ100+  100  0.0012  1.32  14.9 
1.4  FBQ200+  200  0.0019  1.86  35.4 
1.4  FBQ300+  300  0.0026  2.35  60.6 
1.4  FBQ400+  400  0.0034  2.75  92.2 
1.4  FBI:M00+  500  0.0041  3.13  126 
1.4  FB2/96+  509.7  0.0042  3.17  131 262 
SLOPE  HEC-RAS  Reach: Site B  +X% 
River Sta.  Plan  0 Total  Tau  I River Sta.  Plan  Q Total  Tau 
Site B  (m3/s)  (N/m2)  I  Site B  (m3/s)  (N/m2) 
4.1 
3.2 
2.3 
1.4 
FB9/95+ 
FB9/95+ 
FB9/95+ 
FB9/95+ 
96.28 
96.28 
96.28 
96.28 
ave 
11.63 
12.2 
14.1 
14.1 
13.0 
4.1 
3.2 
2.3 
1.4 
FBQ400+ 
FBQ400+ 
FBQ400+ 
FBQ400+ 
400 
400 
400 
400 
ave 
72.8 
104.3 
94.1 
92.2 
90.8 
4.1 
3.2 
2.3 
1.4 
FBQ100+ 
FBQ100+ 
FBQ100+ 
FBQ100+ 
100 
100 
100 
100 
ave 
12.09 
12.8 
14.8 
14.9 
13.7 
4.1 
3.2 
2.3 
1.4 
FBQ500+ 
FBQ500+ 
FBQ500+ 
FBQ500+ 
500 
500 
500 
500 
ave 
103.6 
153.5 
128.5 
126.2 
127.9 
4.1 
3.2 
2.3 
1.4 
FBQ200+ 
FBQ200+ 
FBQ200+ 
FBQ200+ 
200 
200 
200 
200 
ave 
28.5 
35.9 
36.0 
35.4 
33.9 
4.1 
3.2 
2.3 
1.4 
FB2/96+ 
FB2/96+ 
FB2/96+ 
FB2/96+ 
509.7 
509.7 
509.7 
509.7 
ave 
107.2 
158.8 
133.3 
131.2 
132.6 
4.1 
3.2 
2.3 
1.4 
FBQ300+ 
FBQ300+ 
FBQ300+ 
FBQ300+ 
300 
300 
300 
300 
ave 
48.2 
65.8 
62.4 
60.6 
59.3 
+X% 
0 Total 
(m3/s) 
Shear Tot 
(N/m2) 
tcrit 
D 5 0 = 
0.0775 m 
% T 
from lwr 
Q crit 
96.28  13.0  62.2 
100  13.7  62.2 
200  33.9  62.2 
300  59.3  62.2  0.09  309 
400  90.8  62.2 
500  128  62.2 
509.7  133  62.2 263 
SLOPE 
River Sta.  Plan 
4.1  FB9/95-
4.1  FBQ100-
4.1  FBQ200-
4.1  FBQ300-
4.1  FBQ400-
4.1  FBQ500-
4.1  FB2/96-
3.2  FB9/95-
3.2  FBQ100-
3.2  FBQ200-
3.2  FBQ300-
3.2  FBQ400-
3.2  FBQ500-
3.2  FB2/96-
2.3  FB9/95-
2.3  FBQ100-
2.3  FBQ200-
2.3  FBQ300-
2.3  FBQ400-
2.3  FBQ500-
2.3  FB2/96-
1.4  FB9/95-
1.4  FBQ100-
1.4  FBQ200-
1.4  FBQ300-
1.4  FBQ400-
1.4  FBQ500-
1.4  FB2/96-
HEC-RAS  
0 Total  
(m3/s)  
96.28  
100  
200  
300  
400  
500  
509.7  
96.28  
100  
200  
300  
400  
500  
509.7 
96.28  
100  
200  
300  
400  
500  
509.7 
96.28  
100  
200  
300  
400  
500  
509.7 
Reach: Site B 
E.G. Slope  Hydr Depth 
(m/m)  (m) 
0.0005  1.38 
0.0004  1.46 
0.0010  1.99 
0.0015  2.57 
0.0020  3.04  
0.0025  3.53  
0.0025  3.58  
0.0005  1.46  
0.0004  1.55  
0.0012  2.05  
0.0019  2.6  
0.0027  3.05  
0.0036  3.42 
0.0037  3.44 
0.0005  1.73  
0.0005  1.81  
0.0011  2.29  
0.0016  2.8  
0.0023  3.21  
0.0028  3.62  
0.0029  3.66  
0.0005  1.63 
0.0005  1.71 
0.0011  2.19 
0.0016  2.7 
0.0022  3.09 
0.0027  3.5 
0.0028  3.54 
-X% 
Tau 
(N/m2) 
6.47 
6.04 
19.9 
36.8 
58.5 
85.4 
88.9 
6.93 
6.53 
24.1 
48.1 
81.3 
122  
124  
8.63 
8.27 
24.8 
45.2 
71.5 
99.4  
104  
7.99 
7.56 
22.8 
41.6 
66.1 
92.3 
96.5 264 
SLOPE  HEC-RAS  Reach: Site B  -X% 
River Sta.  Plan  Q Total  Tau  I River Sta.  Plan  Q Total  Tau 
Site B  (m3/s)  (N/m2)  Site B  (m3/s)  (N/m2) 
4.1 
3.2 
2.3 
1.4 
FB9/95-
FB9/95-
FB9/95-
FB9/95-
96.28 
96.28 
96.28 
96.28 
ave 
6.47 
6.93 
8.63 
7.99 
7.50 
4.1 
3.2 
2.3 
1.4 
FBQ400-
FBQ400-
FBQ400-
FBQ400-
400 
400 
400 
400 
ave 
58.5 
81.3 
71.5 
66.1 
69.4 
4.1 
3.2 
2.3 
1.4 
FBQ100-
FBQ100-
FBQ100-
FBQ100-
100 
100 
100 
100 
ave 
6.04 
6.53 
8.27 
7.56 
7.10 
4.1 
3.2 
2.3 
1.4 
FBQ500-
FBQ500-
FBQ500-
FBQ500-
500 
500 
500 
500 
ave 
85.4 
122.1 
99.4 
92.3 
99.8 
4.1 
3.2 
2.3 
1.4 
FBQ200-
FBQ200-
FBQ200-
FBQ200-
200 
200 
200 
200 
ave 
19.9 
24.1 
24.8 
22.8 
22.9 
4.1 
3.2 
2.3 
1.4 
FB2/96-
FB2/96-
FB2/96-
FB2/96-
509.7 
509.7 
509.7 
509.7 
ave 
88.9 
124 
104 
96.5 
103 
4.1 
3.2 
2.3 
1.4 
FBQ300-
FBQ300-
FBQ300-
FBQ300-
300 
300 
300 
300 
ave 
36.8 
48.1 
45.2 
41.6 
42.9 
-X% 
Q Total 
(m3/s) 
Shear Tot 
(N/m2) 
-Cm 
D50 = 
0.0775 m 
% t 
from lwr 
0 crit 
96.28  7.5  62.2 
100  7.1  62.2 
200  22.9  62.2 
300  42.9  62.2  0.73  373 
400  69.4  62.2 
500  100  62.2 
509.7  103  62.2 265 
1.1.3 Change in  T*,,50 D 50, , and Slope 
All three parameters examined were complementarily varied to either 
increase or decrease critical discharge. 
original  tad 
Q Total  Shear Tot  D50 =  % t  Q crit 
(m3/s)  (N/m2)  0.0775 m  from lwr 
96.28  10.5  62.2 
100  10.7  62.2 
200  28.9  62.2 
300  51.8  62.2  0.36  336 
400  80.9  62.2 
500  115  62.2 
509.7  120  62.2 
+X%  tcrit 
Q Total  Shear Tot  D50 =  % t  Q crit 
(m3/s)  (N/m2)  0.0775 m  from lwr 
96.28  13.0  75.2 
100  13.7  75.2 
200  33.9  75.2 
300  59.3  75.2  0.51  351 
400  90.8  75.2 
500  128  75.2 
509.7  133  75.2 
X%  Tait 
0 Total  Shear Tot  D50 =  % ,c  0 crit 
(m3/s)  (N/m2)  0.0775 m  from lwr 
96.28  7.5  50.4 
100  7.1  50.4 
200  22.9  50.4 
300  42.9  50.4  0.28  328 
400  69.4  50.4 
500  100  50.4 
509.7  103  50.4 1.2 Bedload Transport 
0=509.7 m3/s  ORIGINAL  Se =  0.00358  m/m  B =  50.81  m 
d =  3.41  m  y =  9804  N/m3 
Table 1.1 Original calculation using slope, depth, width, and discharge from Site B, and an arbitrary particle size. 
Description  Size range  DI  (1)i  % finer  cumulative  Fi  4i *Fj  FrIn(Di)  D59 (phi*Fi) 
(mm)  (mm)  (=-Iog2(DI))  Fi  (mm)  go(DI/Ds9) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  69.8  1.36 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  69.8  1.27 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  69.8  1.19 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  69.8  1.13 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  69.8  1.09 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  0  0  0  0  0  69.8  1.06 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0  0  0  69.8  1.02 
Small Cobble  64.0-76.1  69.8  -6.1  100.00  1.00  1.00  -6.12  4.25  69.8  1.00 
Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  0  0  0  69.8  0.98 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  69.8  0.96 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  69.8  0.95 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  69.8  0.93 
Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  69.8  0.92 
Very Large Cobble  181-215  197  -7.6  100  1.00  0  0  0  69.8  0.91 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  69.8  0.89 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  69.8  0.86 
f =E (1)1 F1  -6.12  4.25 
_ 0=509.7 m3/s  ORIGINAL 
Table lt.1 (Continued) 
Size range  d  tavad  U*  t'sg  (1)sgo  WO  000  F114)1402  I  (To =  I  to  4) = coOsgo 
(mm)  I  (m)  (N/m2)  sq rt(E F1*(4)1-4))2)  go(D/Dsg) 
2.00-4.00  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  3.53 
4.00-8.00  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  3.31 
8.00-16.0  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  3.10 
16.0-22.6  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.95 
22.6-32.0  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.85 
32.0-45.3  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.76 
45.3-64.0  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.67 
64.0-76.1  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0.00  0.00  1.00  2.60 
76.1-90.5  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.56 
90.5-108  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.50 
108-128  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.48 
128-152  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.42 
152-181  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.40 
181-215  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.36 
215-256  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.32 
256-512  3.41  119.7  0.3460  0.101  2.60  0.6476  1.322  0  0  1.00  2.23 
E F1*(4)1-02 = 
0.00 Q=509.7 m3/s  ORIGINAL 
Table I.1 (Continued) 
Size range  (1)  GO)  G(4) *Fi  W*si  qi  qi  Pi  01  01  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  1579  0  3.44  0  0  0  0  0  0  0 
4.00-8.00  >1.59  1430  0  3.12  0  0  0  0  0  0  0 
8.00-16.0  >1.59  1284  0  2.80  0  0  0  0  0  0  0 
16.0-22.6  >1.59  1176  0.0  2.56  0  0  0  0  0  0  0 
22.6-32.0  >1.59  1106  0.0  2.41  0  0  0  0  0  0  0 
32.0-45.3  >1.59  1036  0.0  2.26  0  0  0  0  0  0  0 
45.3-64.0  >1.59  968  0.0  2.11  0  0  0  0  0  0  0 
64.0-76.1  >1.59  918  918  2.00  0.0049  13.3  1.00  0.25  676  130  6630 
76.1-90.5  >1.59  885  0.0  1.93  0  0  0  0  0  0  0 
90.5-108  >1.59  837  0.0  1.82  0  0  0  0  0  0  0 
108-128  >1.59  820  0.0  1.79  0  0  0  0  0  0  0 
128-152  >1.59  774  0.0  1.69  0  0  0  0  0  0  0 
152-181  >1.59  758  0.0  1.65  0  0  0  0  0  0  0 
181-215  >1.59  727  0.0  1.58  0  0  0  0  0  0  0 
215-256  >1.59  697  0  1.52  0  0  0  0  0  0  0 
256-512  >1.59  623  0  1.36  0  0  0  0  0  0  0 
qi =  0.25  676 
W*=  2.00  0.0049  gT =  130 
qT = 0.0049  GT =  6630 
QT =  0.25 1.2.1 Change in D 
0=509.7 m3/s  + 1 bin  Se =  0.00358 m/m  B =  50.8  m 
d =  3.41  m  y =  9804  N/m3 
Table 1.2 D  increased by one grain size class. 
`Description  Size range  Di  (1)i  % finer  cumulative  Fi  (1)1*F1  Fi *ln(Di)  Dsg (phi*Fi) 
(mm)  I  (mm)  (-=-Iog2(Di))  Fi  (mm)  go(D/Dsg) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  83.0  1.38 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  83.0  1.29 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  83.0  1.21 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  83.0  1.15 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  83.0  1.11 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  0  0  0  0  0  83.0  1.08 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0  0  0  83.0  1.04 
Small Cobble  64.0-76.1  69.8  -6.1  0  0  0  0  0  83.0  1.02 
Small Cobble  76.1-90.5  83.0  -6.4  100.00  1.00  1.00  -6.37  4.42  83.0  1.00 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  83.0  0.98 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  83.0  0.97 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  83.0  0.94 
Large Cobble 
Very Large Cobble 
152-181 
181-215 
166 
197 
-7.4 
-7.6 
100 
100 
1.00 
1.00 
0 
0 
0 
0 
0 
0 
83.0 
83.0 
0.94 
0.92 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  83.0  0.91 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  83.0  0.87 
=  (I), F1  -6.37  4.42 0=509.7 m3/s  + 1 bin  grain size class 
Table 1.2 (Continued) 
Size range  I  d  "Cave  u*  T.sg  (1)sg0  WO  00  FI*(4)1:(1))2  I  CrS =  I 
CO  (1) =  034)sgo 
(mm)  (m)  (N/m2)  sqrt(E FI*(4)1-4)2)  go(Di/D,q) 
2.00-4.00  3.41  119.7  0.3460  0.085  2.19  0.7058  1  1.275  0  0.25  0.94  2.85 
4.00-8.00  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.66 
8.00-16.0  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.49 
16.0-22.6  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.37 
22.6-32.0  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.30 
32.0-45.3  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.22 
45.3-64.0  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.15 
64.0-76.1  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.10 
76.1-90.5  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0.06  0.25  0.94  2.06 
90.5-108  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.01 
108-128  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  2.00 
128-152  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  1.95 
152-181  3.41  119.7  0.3460  0.085  2.19  0.7058  .  1.275  0  0.25  0.94  1.93 
181-215  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  1.90 
215-256  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  1.87 
256-512  3.41  119.7  0.3460  0.085  2.19  0.7058  1.275  0  0.25  0.94  1.79 
E Fi*(4)1-4)) = 
0.06 
O 0=509.7 m3/s  + 1 bin  grain size class 
Table 1.2 (Continued) 
Size range  I  (I)  G(4)  G(4)*Fi  W'si  qi  qi  Pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  1102  0  2.40  0  0  0  0  0  0  0 
4.00-8.00  >1.59  964  0  2.10  0  0  0  0  0  0  0 
8.00-16.0  >1.59  833  0  1.82  0  0  0  0  0  0  0 
16.0-22.6  >1.59  739  0.0  1.61  0  0  0  0  0  0  0 
22.6-32.0  >1.59  678  0.0  1.48  0  0  0  0  0  0  0 
32.0-45.3  >1.59  620  0.0  1.35  0  0  0  0  0  0  0 
45.3-64.0  >1.59  564  0.0  1.23  0  0  0  0  0  0  0 
64.0-76.1  >1.59  523  0  1.14  0  0  0  0  0  0  0 
76.1-90.5  >1.59  497  497  1.08  0.0026  7.20  1.00  0.13  366  70.6  3588 
90.5-108  >1.59  459  0.0  1.00  0  0  0  0  0  0  0 
108-128  >1.59  446  0.0  0.97  0  0  0  0  0  0  0 
128-152  >1.59  410  0.0  0.89  0  0  0  0  0  0  0 
152-181  >1.59  398  0.0  0.87  0  0  0  0  0  0  0 
181-215  >1.59  375  0.0  0.82  0  0  0  0  0  0  0 
215-256  >1.59  353  0  0.77  0  0  0  0  0  0  0 
256-512  >1.59  300  0  0.65  0  0  0  0  0  0  0 
UIVI =  qi =  =  v.  366 
W "=  1.08  0.0026  gT =  70.6 
qT =  0.0026  GT =  3588 
OT =  0.13 Q =509.7 m3/s  - 1 bin  Se = 0.00358 m/m  B =  50.81  m 
d =  3.41  m  y =  9804  N/m3 
Table 1.3 D  decreased by one grain size class. 
Description 
Very Fine Gravel 
Size range 
(mm)  l 
2.00-4.00 
Di 
(mm) 
2.83 
(i)i 
(=-Iog2(Di)) 
-1.5 
% finer 
0 
cumulative 
Fi 
0 
Fi 
0 
Oi*Fi 
0 
Fi *ln(Di) 
0 
Dsg (phi*Fi) 
(mm) 
38.1 
gg(DDs9) 
1.28 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  38.1  1.20 
Medium Gravel 
Coarse Gravel 
Coarse Gravel 
Very Coarse Gravel 
Very Coarse Gravel 
Small Cobble 
Small Cobble 
Medium Cobble 
Medium Cobble 
Large Cobble 
Large Cobble 
Very Large Cobble 
Very Large Cobble 
Small Boulder 
8.00-16.0 
16.0-22.6 
22.6-32.0 
32.0-45.3 
45.3-64.0 
64.0-76.1 
76.1-90.5 
90.5-108 
108-128 
128-152 
152-181 
181-215 
215-256 
256-512 
11.3 
19.0 
26.9 
38.1 
53.8 
69.8 
83.0 
107 
118 
152 
166 
197 
235 
362 
-3.5 
-4.2 
-4.7 
-5.3 
-5.8 
-6.1 
-6.4 
-6.7 
-6.9 
-7.2 
-7.4 
-7.6 
-7.9 
-8.5 
0 
0 
0 
100.00 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
0 
0 
0 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
0 
0 
0 
1.00 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-5.25 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3.64 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
38.1 
1.12 
1.07 
1.03 
1.00 
0.97 
0.94 
0.93 
0.91 
0.90 
0.88 
0.87 
0.86 
0.84 
0.81 
= E cl)IFI  -5.25  3.64 Q=509.7 m3/s  - 1 bin  grain size class 
Table 1.3 (Continued) 
Size range  d  'Cavan  U*  t'sg  4)sg0  WO  000  F1*(411-442  I  a. =  I  CO  4) = (04)sg0 
(mm)  (m)  (N/m2)  sqn(Z FI*01-02)  go(DAg) 
2.00-4.00  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  4.40 
4.00-8.00  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  4.12 
8.00-16.0  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.86 
16.0-22.6  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.67 
22.6-32.0  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.55 
32.0-45.3  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0.76  0.87  0.72  3.44 
45.3-64.0  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.33 
64.0-76.1  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.25 
76.1-90.5  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.19 
90.5-108  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.12 
108-128  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.09 
128-152  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  3.01 
152-181  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  2.99 
181-215  3.41  119.7  0.3460  0.184  4.77  0.5452  1.421  0  0.87  0.72  2.94 
215-256 
256-512 
3.41 
3.41 
119.7 
119.7 
0.3460 
0.3460 
0.184 
0.184 
4.77 
4.77 
0.5452 
0.5452 
1.421 
1.421 
0 
0 
0.87 
0.87 
0.72 
0.72 
2.89 
2.78 
E F1*(44)2 = 
0.76 Q=509.7 m3/s  - 1 bin  grain size class 
Table 1.3 (Continued) 
Size range I  (1)  G(I))  GO)*Fi  W*si  qi  qi  pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  2077  0  4.53  0  0  0  0  0  0  0 
4.00-8.00  >1.59  1928  0  4.20  0  0  0  0  0  0  0 
8.00-16.0  >1.59  1778  0  3.88  0  0  0  0  0  0  0 
16.0-22.6  >1.59  1666  0.0  3.63  0  0  0  0  0  0  0 
22.6-32.0  >1.59  1592  0.0  3.47  0  0  0  0  0  0  0 
32.0-45.3  >1.59  1517  1517  3.31  0.0080  22.0  1.00  0.41  1117  216  10955 
45.3-64.0  >1.59  1443  0.0  3.15  0  0  0  0  0  0  0 
64.0-76.1  >1.59  1388  0  3.03  0  0.0  0  0  0  0  0 
76.1-90.5  >1.59  1351  0.0  2.95  0  0  0  0  0  0  0 
90.5-108  >1.59  1297  0.0  2.83  0  0  0  0  0  0  0 
108-128  >1.59  1278  0.0  2.79  0  0  0  0  0  0  0 
128-152  >1.59  1225  0.0  2.67  0  0  0  0  0  0  0 
152-181  >1.59  1207  0.0  2.63  0  0  0  0  0  0  0 
181-215  >1.59  1171  0.0  2.55  0  0  0  0  0  0  0 
215-256  >1.59  1136  0  2.48  0  0  0  0  0  0  0 
256-512  >1.59  1048  0  2.29  0  0  0  0  0  0  0 
qi =  22.0  QT =  0.41  1117 
W* =  3.31  0.0080  gT =  216 
qT =  0.0080  GT =  10955 
OT =  0.41 1.2.2 Change in z  co 
Q=509.7 m3/s  plus 10 %  Se =  0.00358  m/m  B =  50.81  m 
d =  3.41  m  y =  9804  N/m3 
Table 1.4 z rcgo increased by 10%. 
Description  Size range  Di  4)1  % finer  cumulative  Fi  (01*Fi  Fi *ln(Di)  Dsg (phi*Fi) 
(mm)  (mm)  (=- log2(Di))  Fi  (mm)  go(D/Dsg) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  69.8  1.36 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  69.8  1.27 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  69.8  1.19 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  69.8  1.13 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  69.8  1.09 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  0  0  0  0  0  69.8  1.06 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0  0  0  69.8  1.02 
Small Cobble  64.0-76.1  69.8  -6.1  100  1.00  1.00  -6.12  4.25  69.8  1.00 
Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  0  0  0  69.8  0.98 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  69.8  0.96 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  69.8  0.95 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  69.8  0.93 
Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  69.8  0.92 
Very Large Cobble  181-215  197  -7.6  100  1.00  0  0  0  69.8  0.91 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  69.8  0.89 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  69.8  0.86 
=E4), F  -6.12  4.25 0=509.7 m3/s  plus 10 %  ersg0 
Table 1.4 (Continued) 
Size range I  d  Tavail  U*  -Ng  4:/sg0  (00  ado  Fi*(4)1-4))2  I  am  =  I  co  4) = (04:/sg0 
(mm)  (m)  (N/m2)  scirt(E Fi*(4)14)2)  go(D/Dsg) 
2.00-4.00  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  3.21 
4.00-8.00  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  3.01 
8.00-16.0  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.82 
16.0-22.6  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.68 
22.6-32.0  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.59 
32.0-45.3  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.51 
45.3-64.0  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.43 
64.0-76.1  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0.00  0.00  1.00  2.37 
76.1-90.5  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.33 
90.5-108  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.27 
108-128  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.25 
128-152  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.20 
152-181  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.18 
181-215  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.14 
215-256  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.11 
256-512  3.41  119.7  0.3460  0.101  2.37  0.6774  1.299  0  0.00  1.00  2.02 
E Fi*(4)1-4))2 = 
0.00 0=509.7 m3/s  plus 10 %  ersg0 
Table 1.4 (Continued) 
Size range I  4)  G(4))  G(4)*Fi  W*si  qi  qi  pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  1365  0  2.98  0  0  0  0  0  0  0 
4.00-8.00  >1.59  1220  0  2.66  0  0  0  0  0  0  0 
8.00-16.0  >1.59  1078  0  2.35  0  0  0  0  0  0  0 
16.0-22.6  >1.59  976  0.0  2.13  0  0  0  0  0  0  0 
22.6-32.0  >1.59  909  0.0  1.98  0  0  0  0  0  0  0 
32.0-45.3  >1.59  843  0  1.84  0  0  0  0  0  0  0 
45.3-64.0  >1.59  780  0.0  1.70  0  0  0  0  0  0  0 
64.0-76.1  >1.59  733  733  1.60  0.0039  10.6  1.00  0.20  540  104  5296 
76.1-90.5  >1.59  703  0.0  1.53  0  0  0  0  0  0  0 
90.5-108  >1.59  659  0.0  1.44  0  0  0  0  0  0  0 
108-128  >1.59  644  0.0  1.40  0  0  0  0  0  0  0 
128-152  >1.59  601  0.0  1.31  0  0  0  0  0  0  0 
152-181  >1.59  587  0.0  1.28  0  0  0  0  0  0  0 
181-215  >1.59  559  0.0  1.22  0  0  0  0  0  0  0 
215-256  >1.59  532  0  1.16  0  0  0  0  0  0  0 
256-512  >1.59  467  _.... 
0 
_ _ 
1.02  0 
qi = 
0  0 
= 
0 
0.20 
0 
540 
0  0 
W* =  1.60  0.0039  gT =  104 
qT =  0.0039  GT =  5296 
GT =  0.20 0=509.7 m3/s  minus 10 %  Se = 0.00358 m/m  B =  50.81  m 
d =  3.41  m  y=  9804  N/m3 
Table 1.5  go decreased by 10%. 
Description  'Size range 1  Di  (1)1  % finer  cumulative  Fi  4)1*F1  Fi *ln(Di)  Dsg (phi*Fi) 
(mm)  I  (mm)  (=-Iog2(Di))  Fi  (mm)  go(D/Dsg) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  69.8  1.36 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  69.8  1.27 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  69.8  1.19 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  69.8  1.13 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  69.8  1.09 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  0  0  0  0  0  69.8  1.06 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0  0  0  69.8  1.02 
Small Cobble  64.0-76.1  69.8  -6.1  100  1.00  1.00  -6.12  4.25  69.8  1.00 
Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  0  0  0  69.8  0.98 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  69.8  0.96 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  69.8  0.95 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  69.8  0.93 
Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  69.8  0.92 
Very Large Cobble  181-215  197  -7.6  100  1.00  0  0  0  69.8  0.91 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  69.8  0.89 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  69.8  0.86 
= Egh F1  -6.12  4.25 
C.4 
00 0=509.7 m3/s  minus 10 %  ersg0 
Table 1.5 (Continued) 
Size range 
(mm) 
I  d 
(M) 
tavall 
(N/M2) 
U*  t'sg  ()sg0  WO  Go  F1*(01-02  I 
sq 
CIO =  I 
ME F1*(4)1-4)2) 
0)  (1) = 04sg0 
go(D/Dsg) 
2.00-4.00  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  3.93 
4.00-8.00  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  3.68 
8.00-16.0  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  3.44 
16.0-22.6  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  3.27 
22.6-32.0  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  3.17 
32.0-45.3  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  3.07 
45.3-64.0  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.97 
64.0-76.1  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0.00  0.00  1.00  2.89 
76.1-90.5  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.85 
90.5-108  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.78 
108-128  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.75 
128-152  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.69 
152-181  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.67 
181-215  3.41  119.7  0.3460  0.101  2.89  0.6224  1.345  0  0  1.00  2.62 
215-256 
256-512 
3.41 
3.41 
119.7 
119.7 
0.3460 
0.3460 
0.101 
0.101 
2.89 
2.89 
0.6224 
0.6224 
1.345 
1.345 
0 
0 
0 
0 
1.00 
1.00 
2.58 
2.47 
E FI*01-02 = 
0.00 Q=509.7 m3/s  minus 10 %  c*rsg0 
Table 1.5 (Continued) 
Size range  4)  G(4))  G(4))*Fi  W*si  qi  qi  Pi  Qi  Qi  gi  Gi 
(mm)  (m3/s)  (kg/s/m)  (m3/s)  i_kg/s) 
2.00-4.00  >1.59  1818  0  3.96  0  0  0  0  0  0  0 
4.00-8.00  >1.59  1668  0  3.64  0  0  0  0  0  0  0 
8.00-16.0  >1.59  1519  0  3.31  0  0  0  0  0  0  0 
16.0-22.6  >1.59  1408  0.0  3.07  0  0  0  0  0  0  0 
22.6-32.0  >1.59  1335  0.0  2.91  0  0  0  0  0  0  0 
32.0-45.3  >1.59  1262  0  2.75  0  0  0  0  0  0  0 
45.3-64.0  >1.59  1190  0.0  2.59  0  0  0  0  0  0  0 
64.0-76.1  >1.59  1137  1137  2.48  0.006  16.5  1.00  0.31  837  162  8212 
76.1-90.5  >1.59  1102  0.0  2.40  0  0  0  0  0  0  0 
90.5-108 
108-128 
128-152 
152-181 
181-215 
215-256 
256-512 
>1.59 
>1.59 
>1.59 
>1.59 
>1.59 
>1.59 
>1.59 
1051 
1032 
982 
965 
931 
898 
817 
0.0 
0.0 
0.0 
0.0 
0.0 
0 
0 
2.29 
2.25 
2.14 
2.10 
2.03 
1.96 
1.78 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
--- qi =  =  0.31  837 
W* = 
qT = 
2.48 
0.0060 
0.0060  gT =  162 
GT =  8212 
OT =  0.31 1.2.3 Change in Slope 
The slopes derived in section 1.1.3 for use in the sensitivity analysis were input into the model HEC-RAS as part of 
the critical discharge sensitivity analysis calculation. HEC-RAS calculates slopes for each transect based on the 
originally input slope. The average of the slopes calculated for each transect was used in the bedload transport slope 
sensitivity analysis calculation. 
SLOPE  HEC-RAS  Reach: Site B  +X% 
River Sta.  Plan  Q Total  E.G. Slope  Hydr Depth 
B  (m3/s)  (m/m)  (m) 
4.1  FB2/96+	  509.7  0.0033  3.35 
3.2  FB2/96+  509.7  0.0050  3.27 
2.3  FB2/96+	  509.7  0.0040  3.36 
1.4	  FB2/96+  509.7  0.0042  3.17 
ave  0.00412  3.29 
SLOPE  HEC-RAS  Reach: Site B  -X% 
River Sta.  Plan  Q Total  E.G. Slope  Hydr Depth 
(m3/s)  (m/m)  (m) 
4.1  FB2/96-	 509.7  0.0025  3.58 
3.2  FB2/96-	 509.7  0.0037  3.44 
2.3  FB2/96-	 509.7  0.0029  3.66 
1.4	  FB2/96- 509.7  0.0028  3.54 
ave  L0.00297  3.56 0=509.7 m3/s  plus  slope  Se =  0.0041  m/m  B =  50.81  m 
d =  3.29  m  y=  9804  N/m3 
Table 1.6 Slope increased. 
Description  Size range  Di  (01  % finer  cumulative  Fi  (1)1*F1  Fi*In(Di)  Dn (phi*Fi) 
(mm)  I  (mm)  (=-Iog2(Di))  Fi  (mm)  go(D/Dsg) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  69.8  1.36 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  69.8  1.27 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  69.8  1.19 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  69.8  1.13 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  69.8  1.09 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  0  0  0  0  0  69.8  1.06 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0  0  0  69.8  1.02 
Small Cobble  64.0-76.1  69.8  -6.1  100  1.00  1.00  -6.12  4.25  69.8  1.00 
Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  0  0  0  69.8  0.98 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  69.8  0.96 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  69.8  0.95 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  69.8  0.93 
Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  69.8  0.92 
Very Large Cobble  181-215  197  -7.6  100  1.00  0  0  0  69.8  0.91 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  69.8  0.89 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  69.8  0.86 
=  4), F1  -6.12  4.25 0=509.7 m3/s  plus  slope 
Table 1.6 (Continued) 
Size range  d  travail  U*  tsg  4)sg0  WO  co O  FI*(4)I-4))2  I  a. =  I  GO  4) = 04sgo 
(mm)  (m)  (N/m2)  sqrt(E F1*(4)rC2)  go(D/Dsg) 
2.00-4.00  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  3.92 
4.00-8.00  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  3.67 
8.00-16.0  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  3.44 
16.0-22.6  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  3.27 
22.6-32.0  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  3.17 
32.0-45.3  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  3.06 
45.3-64.0 
64.0-76.1 
3.29 
3.29 
132.8 
132.8 
0.3645 
0.3645 
0.112 
0.112 
2.89 
2.89 
0.6224 
0.6224 
1.345 
1.345 
0 
0.00 
0 
0.00 
1.00 
1.00 
2.96 
2.89 
76.1-90.5  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.84 
90.5-108  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.77 
108-128  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.75 
128-152  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.68 
152-181  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.66 
181-215  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.62 
215-256  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.58 
256-512  3.29  132.8  0.3645  0.112  2.89  0.6224  1.345  0  0  1.00  2.47 
E Fi*(4)1- ) = 
0.00 0=509.7 m3/s  plus  slope 
Table 1.6 (Continued) 
Size range I  4)  G(0)  G(4)*Fi  W*si  qi  qi  pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m
3/s)  (kg/s) 
2.00-4.00  >1.59  1815  0  3.96  0  0  0  0  0  0  0 
4.00-8.00  >1.59  1665  0  3.63  0  0  0  0  0  0  0 
8.00-16.0  >1.59  1516  0  3.31  0  0  0  0  0  0  0 
16.0-22.6  >1.59  1405  0.0  3.06  0  0  0  0  0  0  0 
22.6-32.0  >1.59  1332  0.0  2.90  0  0  0  0  0  0  0 
32.0-45.3  >1.59  1260  0  2.75  0  0  0  0  0  0  0 
45.3-64.0  >1.59  1188  0.0  2.59  0  0  0  0  0  0  0 
64.0-76.1  >1.59  1135  1135  2.47  0.0070  19.2  1.00  0.36  977  189  9582 
76.1-90.5  >1.59  1100  0.0  2.40  0  0  0  0  0  0  0 
90.5-108  >1.59  1048  0.0  2.29  0  0  0  0  0  0  0 
108-128  >1.59  1030  0.0  2.25  0  0  0  0  0  0  0 
128-152  >1.59  980  0.0  2.14  0  0  0  0  0  0  0 
152-181  >1.59  963  0.0  2.10  0  0  0  0  0  0  0 
181-215  >1.59  929  0.0  2.03  0  0  0  0  0  0  0 
215-256  >1.59  896  0  1.95  0  0  0  0  0  0  0 
256-512  >1.59  815  0  1.78  0  0  0  0  0  0  0 
qu =  T =  0.36  977 
W* =  2.47  0.0070  gT =  189 
qT =  0.0070  GT =  9582 
QT=  0.36 0=509.7 m3/s  minus  slope  Se =  0.0030  m/m  B =  50.81  m 
d =  3.56  m  y =  9804  N/m3 
Table 1.7 Slope decreased. 
Description  Size range  Di  4)i  % finer  cumulative  Fi  4i*Fi  Fi *ln(Di)  Dsg (phi*Fi) 
(mm)  I  (mm)  (=-Iog2(Di))  Fi  (mm)  go(D/Dsg) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  69.8  1.36 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  69.8  1.27 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  69.8  1.19 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  69.8  1.13 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  69.8  1.09 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  0  0  0  0  0  69.8  1.06 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0  0  0  69.8  1.02 
Small Cobble  64.0-76.1  69.8  -6.1  100  1.00  1.00  -6.12  4.25  69.8  1.00 
Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  0  0  0  69.8  0.98 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  69.8  0.96 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  69.8  0.95 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  69.8  0.93 
Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  69.8  0.92 
Very Large Cobble  181-215  197  -7.6  100  1.00  0  0  0  69.8  0.91 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  69.8  0.89 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  69.8  0.86 
C =  orpi F1  -6.12  4.25 0=509.7 m3/s  minus  slope 
Table 1.7 (Continued) 
Size range I 
(mm) 
d 
(m) 
lavall 
(N/m2) 
U*  T.sg  (1)sg0  (00  ato  F1*(0-4)2 I 
sqrt(E 
as =  I 
F1(4)rW) 
co  4> = 04sg0 
go(Di/Dsg) 
2.00-4.00  3.56  103.5  0.3218  0.087  2.25  0.6944  1.285  0  0  1.00  3.05 
4.00-8.00  3.56  103.5  0.3218  0.087  2.25  0.6944  1.285  0  0  1.00  2.86 
8.00-16.0  3.56  103.5  0.3218  0.087  2.25  0.6944  1.285  0  0  1.00  2.68 
16.0-22.6  3.56  103.5  0.3218  0.087  2.25  0.6944  1.285  0  0  1.00  2.55 
22.6-32.0  3.56  103.5  0.3218  0.087  2.25  0.6944  1.285  0  0  1.00  2.47 
32.0-45.3  3.56  103.5  0.3218  0.087  2.25  0.6944  1.285  0  0  1.00  2.39 
45.3-64.0 
64.0-76.1 
76.1-90.5 
90.5-108 
3.56 
3.56 
3.56 
3.56 
103.5 
103.5 
103.5 
103.5 
0.3218 
0.3218 
0.3218 
0.3218 
0.087 
0.087 
0.087 
0.087 
2.25 
2.25 
2.25 
2.25 
0.6944 
0.6944 
0.6944 
0.6944 
1.285 
1.285 
1.285 
1.285 
0 
0.00 
0 
0 
0 
0.00 
0 
0 
1.00 
1.00 
1.00 
1.00 
2.31 
2.25 
2.22 
2.16 
108-128 
128-152 
152-181 
181-215 
215-256 
256-512 
3.56 
3.56 
3.56 
3.56 
3.56 
3.56 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.087 
0.087 
0.087 
0.087 
0.087 
0.087 
2.25 
2.25 
2.25 
2.25 
2.25 
2.25 
0.6944 
0.6944 
0.6944 
0.6944 
0.6944 
0.6944 
1.285 
1.285 
1.285 
1.285 
1.285 
1.285 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
2.14 
2.09 
2.07 
2.04 
2.01 
1.93 
E F1*(01-47) = 
0.00 
00 0=509.7 m3/s  minus  slope 
Table 1.7 (Continued) 
Size range I  (1)  G(0)  G(4)) *Fi  W*si  qi  qi  pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  1254  0  2.73  0  0  0  0  0  0  0 
4.00-8.00  >1.59  1112  0  2.42  0  0  0  0  0  0  0 
8.00-16.0  >1.59  974  0  2.12  0  0  0  0  0  0  0 
16.0-22.6  >1.59  875  0  1.91  0  0  0  0  0  0  0 
22.6-32.0  >1.59  810  0  1.77  0  0  0  0  0  0  0 
32.0-45.3  >1.59  748  0  1.63  0  0  0  0  0  0  0 
45.3-64.0  >1.59  687  0  1.50  0  0  0  0  0  0  0 
64.0-76.1  >1.59  643  643  1.40  0.0027  7.49  1.00  0.14  381  73.5  3732 
76.1-90.5  >1.59  614  0  1.34  0  0  0  0  0  0  0 
90.5-108  >1.59  572  0  1.25  0  0  0  0  0  0  0 
108-128  >1.59  558  0  1.22  0  0  0  0  0  0  0 
128-152  >1.59  518  0  1.13  0  0  0  0  0  0  0 
152-181  >1.59  505  0  1.10  0  0  0  0  0  0  0 
181-215  >1.59  479  0  1.04  0  0  0  0  0  0  0 
215-256  >1.59  454  0  0.99  0  0  0  0  0  0  0 
256-512  >1.59  393  0  0.86  0  0  0  0  0  0  0 
UIVI  =  q =  7.49  QT =  0.14  381 
W" =  1.40  0.0027  gT =  73.5 
qT =  0.0027  GT =  3732 
OT =  0.14 1.2.4 Change in D  ,  , and Slope 
0=509.7 m3/s  higher QT  Se =  0.0041  m/m  B =  50.81  m 
d =  3.29  m  y =  9804  N/m3 
Table 1.8 D  ,  go , and slope varied so bedload transport increases. 
Description  Size range  Di  (lii  % finer  cumulative  Fi  (1)1*Fi  Fi *ln(Di)  Dsg (phi*Fi) 
(mm)  (mm)  (=- log2(Di))  Fi 
.,  (mm)  go(Di/D99) 
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  38.1  1.28 
Fine Gravel  4.00-8.00  5.66  -2.5  0  0  0  0  0  38.1  1.20 
Medium Gravel  8.00-16.0  11.3  -3.5  0  0  0  0  0  38.1  1.12 
Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0  0  0  38.1  1.07 
Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0  0  0  38.1  1.03 
Very Coarse Gravel  32.0-45.3  38.1  -5.3  100  1.00  1.00  -5.25  3.64  38.1  1.00 
Very Coarse Gravel  45.3-64.0  53.8  -5.8  100  1.00  0  0  0  38.1  0.97 
Small Cobble  64.0-76.1  69.8  -6.1  100  1.00  0  0  0  38.1  0.94 
Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  0  0  0  38.1  0.93 
Medium Cobble  90.5-108  107  -6.7  100  1.00  0  0  0  38.1  0.91 
Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  38.1  0.90 
Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  38.1  0.88 
Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  38.1  0.87 
Very Large Cobble  181-215  197  -7.6  100  1.00  0  0  0  38.1  0.86 
Very Large Cobble  215-256  235  -7.9  100  1.00  0  0  0  38.1  0.84 
Small Boulder  256-512  362  -8.5  100  1.00  0  0  0  38.1  0.81 
=  F1  -5.25  3.64 0=509.7 m3/s  higher QT 
Table 1.8 (Continued) 
Size range  d  ;van  U*  Tsg  (1)sg0  WO  Goo  F1*(4)11))2  I  aso ---- w  4) = W(I)sg0 
(mm)  (m)  (N/m2)  sqrt(I F1*(4)1-02)  go(Di/D89) 
2.00-4.00  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  5.37 
4.00-8.00  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  5.02 
8.00-16.0  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  4.70 
16.0-22.6  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  4.48 
22.6-32.0  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  4.33 
32.0-45.3 
45.3-64.0 
64.0-76.1 
76.1-90.5 
3.29 
3.29 
3.29 
3.29 
132.8 
132.8 
132.8 
132.8 
0.3645 
0.3645 
0.3645 
0.3645 
0.205 
0.205 
0.205 
0.205 
5.89 
5.89 
5.89 
5.89 
0.5253 
0.5253 
0.5253 
0.5253 
1.440 
1.440 
1.440 
1.440 
0.76 
0 
0 
0 
0.87 
0.87 
0.87 
0.87 
0.71 
0.71 
0.71 
0.71 
4.19 
4.05 
3.96 
3.89 
90.5-108  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  3.80 
108-128  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  3.76 
128-152  3.29  132.8  0.3645  0.205  5.89  0.5253  1.440  0  0.87  0.71  3.67 
152-181 
181-215 
215-256 
256-512 
3.29 
3.29 
3.29 
3.29 
132.8 
132.8 
132.8 
132.8 
0.3645 
0.3645 
0.3645 
0.3645 
0.205 
0.205 
0.205 
0.205 
5.89 
5.89 
5.89 
5.89 
0.5253 
0.5253 
0.5253 
0.5253 
1.440 
1.440 
1.440 
1.440 
0 
0 
0 
0 
0.87 
0.87 
0.87 
0.87 
0.71 
0.71 
0.71 
0.71 
3.64 
3.58 
3.52 
3.38 
E Fi*(4)1-4))2 = 
0.76 0=509.7 m3/s  higher OT 
Table 1.8 (Continued) 
Size range I  4)  G(4))  G(4))*Fi  W*si  qi  qi  pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  2512  0  5.48  0  0  0  0  0  0  0 
4.00-8.00  >1.59  2369  0  5.17  0  0  0  0  0  0  0 
8.00-16.0  >1.59  2224  0  4.85  0  0  0  0  0  0  0 
16.0-22.6  >1.59  2114  0  4.61  0  0  0  0  0  0  0 
22.6-32.0  >1.59  2040  0  4.45  0  0  0  0  0  0  0 
32.0-45.3  >1.59  1966  1966  4.29  0  33.3  1.00  0.62  1692  327  16597 
45.3-64.0  >1.59  1891  0  4.12  0  0  0  0  0  0  0 
64.0-76.1  >1.59  1835  0  4.00  0  0  0  0  0  0  0 
76.1-90.5  >1.59  1798  0  3.92  0  0  0  0  0  0  0 
90.5-108  >1.59  1742  0  3.80  0  0  0  0  0  0  0 
108-128  >1.59  1722  0  3.75  0  0  0  0  0  0  0 
128-152  >1.59  1667  0  3.63  0  0  0  0  0  0  0 
152-181  >1.59  1648  0  3.59  0  0  0  0  0  0  0 
181-215  >1.59  1611  0  3.51  0  0  0  0  0  0  0 
215-256  >1.59  1573  0  3.43  0  0  0  0  0  0  0 
256-512  >1.59  1480  0  3.23  0  0  0  0  0  0  0 
qi =  33.3  T =  0.62  1692 
W* =  4.29  0.0122  gT =  327 
qT =  0.0122  GT =  16597 
0T=  0.62 
O Q =509.7 m3/s  lwr QT  Se =  0.0030  m/m  B =  50.81  m 
d =  3.56  m  y =  9804  N/m3 
Table 1.9 D  ,  ,rgo , and slope varied so bedload transport decreases. 
Description  Size range  Di  % finer (Pi  cumulative  Fi  Fi *ln(Di) (I)i*Fi  Dsg (phi*Fi)
(mm)  (mm)  (=-Iog2(Di))  Fi  (mm)  go(D/Ds9)
Very Fine Gravel  2.00-4.00  2.83  -1.5  0  0  0  0  0  83.0  1.38 Fine Gravel  4.00-8.00  5.66  -2.5  0 0  0 0  0  83.0  1.29
Medium Gravel  8.00-16.0  11.3  -3.5 0  0  0  0  0  83:0  1.21 Coarse Gravel  16.0-22.6  19.0  -4.2  0  0  0 0  0  sa.o  1.15 Coarse Gravel  22.6-32.0  26.9  -4.7  0  0  0 0  0  83.0  1.11 Very Coarse Gravel  32.0-45.3  38.1  -5.3  0 0 0  0  0  83.0  1.08 Very Coarse Gravel  45.3-64.0  53.8  -5.8  0  0  0 0  0  83.0  1.04 Small Cobble  64.0-76.1  69.8  -6.1  0  0 0 0  0  83.0  1.02 Small Cobble  76.1-90.5  83.0  -6.4  100  1.00  1.00  -6.37  4.42  83.0  1.00 Medium Cobble  90.5-108  107  -6.7  100  1.00  0 0  0  83.0  0.98 Medium Cobble  108-128  118  -6.9  100  1.00  0  0  0  83.0  0.97 Large Cobble  128-152  152  -7.2  100  1.00  0  0  0  83.0  0.94 Large Cobble  152-181  166  -7.4  100  1.00  0  0  0  83.0  0.94 Very Large Cobble  181-215  197  -7.6  100  1.00 0  0  0  83.0  0.92 Very Large Cobble  215-256  235  -7.9  100  1.00  0  0 0  83.0  0.91 Small Boulder  256-512  362  -8.5  100  1.00  0 0 0  83.0  0.87 
=  cl), F1  -6.37  4.42 Q =509.7 m3/s 
Table 1.9 (Continued) 
Size range  I  d 
(mm)  (m) 
2.00-4.00  3.56 
4.00-8.00  3.56 
8.00-16.0  3.56 
16.0-22.6  3.56 
22.6-32.0  3.56 
32.0-45.3  3.56 
45.3-64.0  3.56 
64.0-76.1  3.56 
76.1-90.5  3.56 
90.5-108  3.56 
108-128  3.56 
128-152  3.56 
152-181  3.56 
181-215  3.56 
215-256  3.56 
256-512  3.56 
"Cava  
(N/m2) 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
103.5 
Iwr OT 
U*  
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
0.3218 
T'sg  
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
0.073 
(No 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
wo 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
0.8073 
ato 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
1.160 
F1*(4)i-02  I 
sq 
0 
0 
0 
0 
0 
0 
0 
0 
0.06  
0  
0  
0  
0  
0  
0  
0  
E F1*(4)1-02 = 
0.06 
(5, =  I  
rt(E F1*(4)14)2)  
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0)  
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
0.96 
1) = (04)sg0  
go(D/Dsg) 
2.28 
2.13 
1.99 
1.90 
1.84 
1.78 
1.72 
1.68 
1.65 
1.61 
1.60 
1.56 
1.55 
1.52 
1.49 
1.43 Q=509.7 m3/s  Iwr QT 
Table 1.9 (Continued) 
Size range  4)  G(4))  G(4))*Fi  W*si  qi  qi  Pi  Qi  Qi  gi  Gi 
(mm)  I  (m3/s)  (kg/s/m)  (m3/s)  (kg/s) 
2.00-4.00  >1.59  661  0  1.44  0  0  0  0  0  0  0 
4.00-8.00  >1.59  548  0  1.19  0  0  0  0  0  0  0 
8.00-16.0  >1.59  444  0  0.97  0  0  0  0  0  0  0 
16.0-22.6  >1.59  374  0  0.81  0  0  0  0  0  0  0 
22.6-32.0  >1.59  330  0  0.72  0  0  0  0  0  0  0 
32.0-45.3  >1.59  289  0  0.63  0  0  0  0  0  0  0 
45.3-64.0  >1.59  251  0  0.55  0  0  0  0  0  0  0 
64.0-76.1  >1.59  224  0  0.49  0  0  0  0  0  0  0 
76.1-90.5 
90.5-108 
>1.59 
>1.59 
207 
184 
207 
0 
0.45 
0.40 
0.00 
0 
2.42 
0 
1.00 
0 
0.045 
0 
123 
0 
23.7 
0 
1204 
0 
108-128 
128-152 
152-181 
181-215 
215-256 
256-512 
>1.59 
1- 1.59 
1- 1.59 
1- 1.59 
1- 1.59 
1- 1.59 
176 
154 
146 
131 
116 
83 
- - -- -
UIVI = 
0 
0 
0 
0 
0 
0 
- -
0.38 
0.34 
0.32 
0.29 
0.25 
0.18 
0 
0 
0 
0 
0 
0 
qi = 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
= 
0 
0 
0 
0 
0 
0 
0.045 
0 
0 
0 
0 
0 
0 
123 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
W* = 
qT = 
0.45 
0.0009 
0.0009  gT =  23.7 
GT =  1204 
QT =  0.04 294 
APPENDIX J: PREDICTED BEDLOAD TRANSPORT RATES AND  
PARTICLE SIZE DISTRIBUTIONS  Site B  Size Range  Bed load transport per unit gravel-bed width, cp(m3/s/m) w/ incr. Q 
Q in m3/s  (mm)  Q = 96.28  Q = 100  Q = 200  Q = 300  Q = 400  Q = 500  Q = 509.7 
Very Fine Gravel  2.00-4.00  0  0  0  0  0  0  0 
Fine Gravel  4.00-8.00  0  0  0  0  0  0  0 
Medium Gravel  8.00-16.0  0  0  0  0  0  0  0 
Coarse Gravel  16.0-32.0  1.37E-17  1.82E-17  1.05E-10  7.53E-07  3.85E-05  1.89E-04  2.20E-04 
Very Coarse Gravel  32.0-64.0  1.84E-17  2.44E-17  1.41E-10  1.06E-06  7.84E-05  4.42E-04  5.17E-04 
Small Cobble  64.0-90.5  1.17E-17  2.75E-12  8.94E-11  6.82E-07  7.05E-05  4.98E-04  5.89E-04 
Medium Cobble  90.5-128  7.87E-18  1.04E-17  6.03E-11  4.61E-07  5.82E-05  5.11E-04  6.09E-04 
Large Cobble  128-181  1.38E-18  1.82E-18  1.06E-11  8.07E-08  1.16E-05  1.24E-04  1.49E-04 
Very Large Cobble  181-256  2.03E-19  2.68E-19  1.55E-12  1.19E-08  1.84E-06  2.25E-05  2.72E-05 
Small Boulder  256-512  0  0  0  0  0  0  0 
TOTAL  5.33E-17  2.75E-12  4.08E-10  3.04E-06  2.59E-04  1.79E-03  2.11E-03 
Site B  Size Range  Bed load Particle Size Distribution, p, ( %) w/ incr. 0 
Q in m3/  (mm)  Q = 96.28  0 = 100  0 = 200  Q = 300  0 = 400  Q = 500  0 = 509.7 
Very Fine Gravel  2.00-4.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Fine Gravel  4.00-8.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Medium Gravel  8.00-16.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Coarse Gravel  16.0-32.0  25.8  25.8  25.8  24.7  14.9  10.6  10.4 
Very Coarse Gravel  32.0-64.0  34.6  34.6  34.6  34.7  30.2  24.7  24.5 
Small Cobble  64.0-90.5  21.9  21.9  21.9  22.4  27.2  27.9  27.9 
Medium Cobble  90.5-128  14.8  14.8  14.8  15.1  22.5  28.6  28.9 
Large Cobble  128-181  2.6  2.6  2.6  2.7  4.5  6.9  7.1 
Very Large Cobble  181-256  0.4  0.4  0.4  0.4  0.7  1.3  1.3 
Small Boulder  256-512  0.0  0.0  0.0  0.0  0.0  0.0  0.0 Site D  Size Range  Bed load transport per unit gravel-bed width, qi(m3/s/m) w/ incr. 0 
Q in m3/s  (mm)  Q = 96.28  Q = 100  Q = 200  Q = 300  Q = 400  Q = 500  Q = 585.6 
Very Fine Gravel  2.00-4.00  0  0  0  0  0  0  0 
Fine Gravel  4.00-8.00  0  0  0  0  0  0  0 
Medium Gravel  8.00-16.0  0  0  0  0  0  0  0 
Coarse Gravel  16.0-32.0  1.92E-12  4.10E-12  9.39E-09  1.40E-06  1.21E-05  2.20E-05  3.38E-05 
Very Coarse Gravel  32.0-64.0  9.92E-12  2.12E-11  4.85E-08  8.02E-06  8.69E-05  1.78E-04  2.84E-04 
Small Cobble  64.0-90.5  3.38E-12  7.22E-12  1.65E-08  2.93E-06  3.82E-05  8.84E-05  1.51E-04 
Medium Cobble  90.5-128  2.89E-12  6.17E-12  1.41E-08  2.60E-06  3.85E-05  9.74E-05  1.84E-04 
Large Cobble  128-181  1.13E-12  2.42E-12  5.54E-09  1.04E-06  1.67E-05  4.52E-05  9.50E-05 
Very Large Cobble  181-256  3.12E-13  6.67E-13  1.53E-09  2.88E-07  4.91E-06  1.38E-05  3.16E-05 
Small Boulder  256-512  0  0  0  0  0  0  0 
Site D  Size Range  Bed load Particle Size Distribution, pi (%) w/ incr. CI 
Q in m3 /s  (mm)  Q = 96.28  Q . 100  Q . 200  Q = 300  Q = 400  Q = 500  Q = 585.6 
Very Fine Gravel  2.00-4.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Fine Gravel  4.00-8.00  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Medium Gravel  8.00-16.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0 
Coarse Gravel  16.0-32.0  9.8  9.8  9.8  8.6  6.1  4.9  4.3 
Very Coarse Gravel  32.0-64.0  50.7  50.7  50.7  49.3  44.0  40.0  36.4 
Small Cobble  64.0-90.5  17.3  17.3  17.3  18.0  19.4  19.9  19.4 
Medium Cobble  90.5-128  14.8  14.8  14.8  16.0  19.5  21.9  23.7 
Large Cobble  128-181  5.8  5.8  5.8  6.4  8.5  10.2  12.2 
Very Large Cobble  181-256  1.6  1.6  1.6  1.8  2.5  3.1  4.1 
Small Boulder  256-512  0.0  0.0  0.0  0.0  0.0  0.0  0.0 297 
APPENDIX K: PREDICTED BEDLOAD MOVED FROM 1925 - 1996  298 
QB out 
Q out  qT out  QT out  QT out  QT out  (metric 
Site  Date  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons) 
B  1/1/43  351.1  0.37  18.6  1.61E+06  588  1611 
B  1/2/43  328.5  0.21  10.6  9.14E+05  334  914 
B  1/3/43  300.2  0.010  0.48  4.18E+04  15  42 
B  3/28/52  348.3  0.35  17.6  1.52E+06  556  1524 
B  3/29/52  325.7  0.19  9.57  8.27E+05  302  827 
B  3/30/52  314.3  0.11  5.53  4.78E+05  174  478 
B  3/31/52  281.8  0.007  0.35  2.99E+04  11  30 
B  4/1/52  256.3  0.005  0.24  2.06E+04  8  21 
B  4/2/52  249.8  0.004  0.21  1.82E+04  7  18 
B  4/3/52  247.5  0.004  0.20  1.74E+04  6  17 
B  4/4/52  261.1  0.005  0.26  2.24E+04  8  22 
B  4/5/52  273.0  0.006  0.31  2.67E+04  10  27 
B  4/6/52  297.3  0.008  0.41  3.56E+04  13  36 
B  4/7/52  328.5  0.21  10.6  9.14E+05  334  914 
B  4/8/52  342.6  0.31  15.6  1.35E+06  493  1350 
B  4/9/52  320.0  0.15  7.55  6.52E+05  238  652 
B  12/22/55  325.7  0.19  9.57  8.27E+05  302  827 
B  12/23/55  342.6  0.31  15.6  1.35E+06  493  1350 
B  12/24/55  359.6  0.43  21.7  1.87E+06  684  1873 
B  5/10/56  354.0  0.39  19.7  1.70E+06  620  1698 
B  5/11/56  305.8  0.049  2.50  2.16E+05  79  216 
B  2/18/58  348.3  0.35  17.6  1.52E+06  556  1524 
B  2/19/58  359.6  0.43  21.7  1.87E+06  684  1873 
B  2/20/58  342.6  0.31  15.6  1.35E+06  493  1350 
B  2/21/58  320.0  0.15  7.55  6.52E+05  238  652 
B  2/22/58  308.7  0.069  3.51  3.03E+05  111  303 
B  2/23/58  305.8  0.049  2.50  2.16E+05  79  216 
B  2/24/58  286.0  0.007  0.36  3.15E+04  11  31 
B  2/25/58  300.2  0.010  0.48  4.18E+04  15  42 
B  2/26/58  342.6  0.31  15.6  1.35E+06  493  1350 
B  2/27/58  325.7  0.19  9.57  8.27E+05  302  827 
B  12/26/64  339.8  0.29  14.61  1.26E+06  461  1263 
B  12/27/64  410.6  1.15  58.61  5.06E+06  1849  5064 
B  12/28/64  427.6  1.86  94.72  8.18E+06  2988  8184 
B  12/29/64  376.6  0.55  27.73  2.40E+06  875  2396 
B  12/30/64  325.7  0.19  9.57  8.27E+05  302  827 
B  12/31/64  300.2  0.010  0.48  4.18E+04  15  42 
B  1/1/65  297.3  0.0081  0.413  35642  13  36 
B  1/2/65  286.0  0.0072  0.365  31495  11  31 
B  1/3/65  288.8  0.0074  0.377  32531  12  33 
B  1/31/65  348.3  0.35  17.6  1.52E+06  556  1524 
B  2/1/65  345.5  0.33  16.6  1.44E+06  525  1437 
B  2/2/65  288.8  0.00741  0.377  3.25E+04  12  33 
B  2/3/65  286.0  0.00717  0.365  3.15E+04  11  31 
B  2/4/65  297.3  0.00812  0.413  3.56E+04  13  36 
B  2/5/65  297.3  0.00812  0.413  3.56E+04  13  36 
B  2/6/65  297.3  0.00812  0.413  3.56E+04  13  36 
B  2/7/65  297.3  0.00812  0.413  3.56E+04  13  36 299 
Table (Continued) 
Q out  qT out  QT out  QT out  (DT out 
QB out 
(metric 
Site  Date  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons) 
B  3/18/72  342.6  0.31  15.6  1.35E+06  493  1350 
B  3/19/72  342.6  0.31  15.6  1.35E+06  493  1350 
B  3/20/72  328.5  0.21  10.6  9.14E+05  334  914 
B  3/21/72  322.8  0.17  8.56  7.39E+05  270  739 
B  3/22/72  305.8  0.05  2.50  2.16E+05  79  216 
B  3/23/72  283.2  0.01  0.35  3.05E+04  11  30 
B  2/21/82  404.9  0.92  46.6  4.02E+06  1469  4024 
B  2/22/82  359.6  0.43  21.7  1.87E+06  684  1873 
B  2/23/82  359.6  0.43  21.7  1.87E+06  684  1873 
B  2/24/82  314.3  0.11  5.53  4.78E+05  174  478 
B  2/25/82  288.8  0.0074  0.377  3.25E+04  12  33 
B  2/26/82  291.7  0.0076  0.389  3.36E+04  12  34 
B  2/27/82  288.8  0.0074  0.377  3.25E+04  12  33 
B  2/28/82  286.0  0.0072  0.365  3.15E+04  11  31 
B  3/1/82  291.7  0.0076  0.389  3.36E+04  12  34 
B  2/8/96  509.7  5.78  294  2.54E+07  9261  25367 
B  2/9/96  441.8  2.46  125  1.08E+07  3937  10784 
B  2/10/96  368.1  0.49  24.7  2.13E+06  779  2134 
B  2/11/96  351.1  0.37  18.6  1.61E+06  588  1611 
B  2/12/96  325.7  0.19  9.57  8.27E+05  302  827 
B  2/13/96  294.5  0.01  0.40  3.46E+04  13  35 300 
APPENDIX L: RESERVOIR INFLOW AND OUTFLOW DATA  301 
Date 
Elevation 
(ft) 
Storage 
(ac-ft) 
Storage 
Change 
(ac-ft) 
Storage 
Change 
(cfs) 
Outflow 
(cfs) 
Inflow 
(cfs) 
3/1/72  1936.87  426,661  3,251  1,639  5,970  7,609 
3/2/72  1938.2  431,165  4,504  2,271  6,650  8,921 
3/3/72  1939.25  434,721  3,556  1,793  7,420  9,213 
3/4/72  1940.29  438,267  3,546  1,788  8,230  10,018 
3/5/72  1940.76  439,899  1,632  823  8,480  9,303 
3/6/72  1941.51  442,502  2,604  1,313  8,790  10,103 
3/7/72  1941.58  442,745  243  123  9,420  9,543 
3/8/72  1941.66  443,023  278  140  9,430  9,570 
3/9/72  1941.38  442,051  -972  -490  9,910  9,420 
3/10/72  1940.76  439,899  -2,152  -1,085  10,700  9,615 
3/11/72  1940.22  438,024  -1,875  -945  10,700  9,755 
3/12/72  1939.69  436,211  -1,813  -914  10,700  9,786 
3/13/72  1939.51  435,601  -610  -307  10,700  10,393 
3/14/72  1939.63  436,007  406  205  10,700  10,905 
3/15/72  1939.92  436,989  982  495  10,700  11,195 
3/16/72  1939.97  437,159  169  85  11,000  11,085 
3/17/72  1939.71  436,278  -880  -444  11,700  11,256 
3/18/72  1939.53  435,669  -610  -307  12,100  11,793 
3/19/72  1939.31  434,924  -745  -376  12,100  11,724 
3/20/72  1939  433,874  -1,050  -529  11,600  11,071 
3/21/72  1938.87  433,434  -440  -222  11,400  11,178 
3/22/72  1938.45  432,012  -1,422  -717  10,800  10,083 
3/23/72  1938.61  432,553  542  273  10,000  10,273 
3/24/72  1938.61  432,553  0  0  9,710  9,710 
3/25/72  1938.66  432,723  169  85  9,730  9,815 
3/26/72  1938.45  432,012  -711  -359  9,800  9,441 
3/27/72  1937.96  430,352  -1,659  -837  9,470  8,633 
3/28/72  1937.68  429,404  -948  -478  8,650  8,172 
3/29/72  1937.54  428,930  -474  -239  7,630  7,391 
2/13/82  1940.45  438,822  -69  -35  4,770  4,735 
2/14/82  1941.12  441,148  2,326  1,173  4,840  6,013 
2/15/82  1942.46  445,800  4,652  2,345  4,810  7,155 
2/16/82  1943.89  450,764  4,964  2,503  5,580  8,083 
2/17/82  1944.25  452,014  1,250  630  8,700  9,330 
2/18/82  194425  452,014  0  0  9,730  9,730 
2/19/82  1944.62  453,298  1,284  648  10,600  11,248 
2/20/82  1945.27  454,680  1,382  697  11,000  11,697 
2/21/82  1945.31  454,690  9  5  14,300  14,305 
2/22/82  1945.4  454,711  21  11  12,700  12,711 
2/23/82  1945.24  454,673  -37  -19  12,700  12,681 
2/24/82  1945.11  454,643  -30  -15  11,100  11,085 
2/25/82  1945.05  454,629  -14  -7  10,200  10,193 
2/26/82  1945.01  454,619  -9  -5  10,300  10,295 
2/27/82  1944.92  454,339  -280  -141  10,200  10,059 
2/28/82  1944.91  454,305  -35  -18  10,100  10,082 
3/1/82  1944.3  452,187  -2,118  -1,068  10,300  9,232 
3/2/82  1943.96  451,007  -1,180  -595  9,420  8,825 
3/3/82  1943.78  450,382  -625  -315  8,460  8,145 302 
Table (Continued) 
Storage  Storage
Elevation  Storage  Outflow  Inflow 
Date  Change  Change (ft)  (ac-ft)  (cfs)  (cfs)
(ac-ft)  (cfs) 
2/4/96  1941.67  443,057  -312  -158  5,030  4,872 
2/5/96  1941.76  443,370  312  158  5,190  5,348 
2/6/96  1942.54  446,078  2,708  1,365  6,180  7,545 
2/7/96  1944.5  452,881  6,804  3,430  9,730  13,160 
2/8/96  1943.72  450,174  -2,708  -1,365  17,800  16,435 
2/9/96  1943.52  449,479  -694  -350  15,300  14,950 
2/10/96  1943.52  449,479  0  0  12,800  12,800 
2/11/96  1943.52  449,479  0  0  12,100  12,100 
2/12/96  1943.42  449,132  -347  -175  11,200  11,025 
2/13/96  1943.55  449,584  451  228  10,100  10,328 
2/14/96  1943.55  449,584  0  0  9,500  9,500 
2/15/96  1943.16  448,230  -1,354  -683  9,510  8,827 
2/16/96  1942.76  446,841  -1,389  -700  9,520  8,820 
2/17/96  1942.67  446,529  -312  -158  8,300  8,142 
Data obtained from Duke Engineering and Services Consulting (DE&S Consultinc 
22121 17th Ave. SE, Suite 225, Bothell, Washington, 98021 
Note: 
February 1996 outflow here is different than that used in the 
calculations in this study. The data here were obtained from 
the USGS as were the data used in this study. Streamflow 
data for 1996 is provisional and subject to change. The data 
used in the study were obtained in December 1996. The data 
presented here were obtained in 1997. To be consistent 
with the other data used in the study, I chose to continue to use 
the data obtained in December 1996. The difference in the peak 
of the flood on February 8, 1996 between the two data sets is 
around 1%. 303 
APPENDIX M: PREDICTED BEDLOAD MOVED BY RESERVOIR  
INFLOWS AND OUTFLOWS  Table M.1 Bed load transport and bedload transport rates for Q, and Q ( for the 1964, 1965, 1972, and 1982 transport events. 
Site 
B 
Date 
12/23/64 
out 
(m3/s) 
qT out 
(kg/s/m) 
OT out 
(kg/s) 
QB out 
(kg) 
QB out 
(me) 
1st EXTRAPOLATION SCENARIO 
QB out 
(metric 
tons) 
Q in 
(m3/s) 
526.6 
qT in 
(kg/s/m) 
7.32 
QT in 
(kg/s) 
372 
QB in (kg) 
3.22E+07 
QB in 
(me) 
11738 
QB in 
(metric 
tons) 
32153 
B  12/24/64  563.9  10.7  545  4.71E+07  17191  47089 
B  12/25/64  469.7  3.62  184.2  1.59E+07  5809  15912 
B  12/26/64  339.8  0.288  14.6  1.26E+06  461  1263  470.3  3.65  185.5  1.60E+07  5851  16027 
B  12/27/64  410.6  1.15  58.6  5.06E+06  1849  5064  446.2  2.64  134.3  1.16E+07  4236  11602 
B  12/26/64  427.6  1.86  94.7  8.18E+06  2988  8184  402.7  0.82  41.8  3.61E+06  1320  3615 
B  12/29/64  376.6  0.546  27.7  2.40E+06  875  2396  392.7  0.66  33.5  2.89E+06  1055  2891 
B  12/30/64  325.7  0.188  9.57  8.27E+05  302  827  337.6  0.27  13.8  1.20E+06  436  1195 
B  12/31/64  300.2  0.00953  0.484  4.18E+04  15  42  317.6  0.13  6.70  5.79E+05  211  579 
B  1/1/65  297.3  0.0081  0.413  35642  13  36  305.1  0.04  2.24  193334  71  193 
B  1/2/65  286.0  0.0072  0.365  31495  11  31  292.9  0.0077  0.394  34012  12  34 
B  1/3/65  288.8  0.0074  0.377  32531  12  33  286.3  0.0072  0.365  31495  11  31 
B  1/4/65  276.9  281.0  0.0068  0.343  29658  11  30 
SUM  4.07  207  1.79E+07  6526  17875  SUM  29.92  1520  1.31E+08  47953  131352 
B  12/23/64  2nd EXTRAPOLATION SCENARIO  526.6  6.34  322  2.78E+07  10156 <  27819 
B  12/24/64  563.9  7.57  384  3.32E+07  12126  33214 
B  12/25/64  469.7  3.62  184.2  1.59E+07  5809  15912 
B  12/26/64  339.8  0.288  14.6  1.26E+06  461  1263  470.3  3.65  185.5  1.60E+07  5851  16027 
B  12/27/64  410.6  1.15  58.6  5.06E+06  1849  5064  446.2  2.64  134.3  1.16E+07  4236  11602 
B  12/28/64  427.6  1.86  94.7  8.18E+06  2988  8184  402.7  0.82  41.8  3.61E+06  1320  3615 
B 
B 
12/29/64 
12/30/64 
376.6 
325.7 
0.546 
0.188 
27.7 
9.57 
2.40E+06 
8.27E+05 
875 
302 
2396 
827 
392.7 
337.6 
0.66 
0.27 
33.5 
13.8 
2.89E+06 
1.20E+06 
1055 
436 
2891 
1195 
B  12/31/64  300.2  0.00953  0.484  4.18E+04  15  42  317.6  0.13  6.70  5.79E+05  211  579 
B  1/1/65  297.3  0.0081  0.413  35642  13  36  305.1  0.04  2.24  193334  71  193 
B  1/2/65  286.0  0.0072  0.365  31495  11  31  292.9  0.0077  0.394  34012  12  34 
B 
B 
1/3/65 
1/4/65 
288.8 
276.9 
0.0074  0.377  32531  12  33  286.3 
281.0 
0.0072 
0.0068 
0.365 
0.343 
31495 
29658 
11 
11 
31 
30 
SUM  4.07  207  1.79E+07  6526  17875  SUM  25.77  1310  1.13E+08  41305  113143  `t3 Table M.1 (Continued) 
Site  Date 
0 out 
(m3/s) 
qT out 
(kg/s/m) 
QT out 
(kg/s) 
QB out 
(kg) 
QB out 
(m3) 
QB out 
(metric 
tons) 
0 in 
(m3/s) 
qT in 
(kg/s/m) 
QT in 
(kg/s)  QB in (kg) 
QB in 
(m3) 
QB in 
(metric 
tons) 
D  12/23/64  526.6  1.50  93  8.06E+06  2944  8064 
D  12/24/64  563.9  1.9  118  1.02E+07  3725  10203 
D  12/25/64  469.7  0.61  38.1  3.29E+06  1201  3289 
D  12/26/64  339.8  0.241  15.1  1.30E+06  475  1301  470.3  0.73  45.2  3.91E+06  1426  3906 
D  12/27/64  410.6  0.573  35.7  3.09E+06  1128  3089  446.2  0.73  45.2  3.91E+06  1426  3906 
D  12/28/64  427.6  0.611  38.1  3.29E+06  1201  3289  402.7  0.54  33.6  2.90E+06  1058  2899 
D  12/29/64  376.6  0.424  26.4  2.28E+06  833  2282  392.7  0.50  31.4  2.71E+06  989  2710 
D  12/30/64  325.7  0.171  10.7  9.23E+05  337  923  337.6  0.23  14.4  1.24E+06  454  1243 
D  12/31/64  300.2  0.045  2.83  2.44E+05  89  244  317.6  0.13  8.20  7.09E+05  259  709 
D  1/1/65  297.3  0.043  2.70  233404  85  233  305.1  0.07  4.34  375370  137  375 
D  1/2/65  286.0  0.038  2.39  206407  75  206  292.9  0.0414  2.579  222794  81  223 
D  1/3/65  288.8  0.040  2.47  213156  78  213  286.3  0.0384  2.397  207133  76  207 
D  1/4/65  276.9  281.0  0.0361  2.251  194454  71  194 
SUM  2.19  136  1.18E+07  4301  11781  SUM  7.04  439  3.79E+07  13846  37928 
.  , 
B  1/30/65  266.2  329.8  0.217  11.0  9.54E+05  348  954 
B  1/31/65  348.3  0.35  17.6  1.52E+06  556  1524  341.1  0.296  15.1  1.30E+06  475  1301 
B  2/1/65  345.5  0.33  16.6  1.44E+06  525  1437  314.8  0.112  5.69  4.92E+05  180  492 
B  2/2/65  288.8  0.00741  0.377  3.25E+04  12  33  304.5  0.040  2.01  1.74E+05  64  174 
B  2/3/65  286.0  0.00717  0.365  3.15E+04  11  31  295.7  0.0080  0.4056  3.50E+04  13  35 
B  2/4/65  297.3  0.00812  0.413  3.56E+04  13  36  291.6  0.0076  0.3884  3.36E+04  12  34 
B  2/5/65  297.3  0.00812  0.413  3.56E+04  13  36  267.5 
B  2/6/65  297.3  0.00812  0.413  3.56E+04  13  36  256.3 
B  2/7/65  297.3  0.00812  0.413  3.56E+04  13  36  249.1 
SUM  0.722  36.7  3.17E+06  1156  3168  SUM  0.681  34.6  2.99E+06  1092  2990 Table M.1 (Continued) 
1 QB out  QB in
Q out  qT out  QT out  QB out  QB out  (metric  0 in  qT in  QT in  QB in  (metric 
Site  Date  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons)  (m3/s)  (kg/s/m)  (kg/s)  QB in (kg)  (m3)  tons) 
D  1/30/65  266.2  329.8  0.192  12.0  1.03E+06  378  1034 
D  1/31/65  348.3  0.283  17.7  1.53E+06  557  1527  341.1  0.248  15.4  1.33E+06  487  1334 
D  2/1/65  345.5  0.269  16.8  1.45E+06  530  1452  314.8  0.118  7.34  6.34E+05  231  634 
D  2/2/65  288.8  0,0396  2.4671  2.13E+05  78  213  304.5  0.0666  4.15  3.59E+05  131  359 
D  2/3/65  286.0  0.0383  2.3890  2.06E+05  75  206  295.7  0.0426  2.6563  2.30E+05  84  230 
D 
D 
2/4/65 
2/5/65 
297.3 
297.3 
0.0433 
0.0433 
2.7014 
2.7014 
2.33E+05 
2.33E+05 
85 
85 
233 
233 
291.6 
267.5 
0.0408  2.5441  2.20E+05  80  220 
D  2/6/65  297.3  0.0433  2.7014  2.33E+05  85  233  256.3 
D  2/7/65  297.3  0.0433  2.7014  2.33E+05  85  233  249.1 
SUM  0.804  50.1  4.33E+06  1581  4332  SUM  0.707  44.1  3.81E+06  1391  3810 
B  3/18/72  342.6  0.31  15.6  1.35E+06  493  1350  -f- lows did not exceed Q crit 
B  3/19/72  342.6  0.31  15.6  1.35E+06  493  1350  of 336 m3/s 
B  3/20/72  328.5  0.21  10.6  9.14E+05  334  914 
13  3/21/72  322.8  0.17  8.56  7.39E+05  270  739 
B  3/22/72  305.8  0.05  2.50  2.16E+05  79  216 
B  3/23/72  283.2  0.01  0.35  3.05E+04  11  30 
SUM  1.05  53.2  4.60E+06  1679  4599 
D  3/18/72  342.6  0.26  15.9  1.38E+06  502  1376  flows did not exceed Q crit 
D  3/19/72  342.6  0.26  15.9  1.38E+06  502  1376  of 336 m3/s 
D  3/20/72  328.5  0.19  11.6  9.99E+05  365  999 
D  3/21/72  322.8  0.16  9.81  8.48E+05  310  848 
D  3/22/72  305.8  0.07  4.57  3.95E+05  144  395 
D  3/23/72  283.2  0.0371  2.31  2.00E+05  72.89  199.66 
SUM  0.96  60.1  5.19E+06  1896  5194 Table M.1 (Continued) 
QB out  QB in
0 out  qT out  QT out  QB out  QB out  (metric  0 in  qT in  QT in  06 in  (metric 
Site  Date  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons)  (m3/s)  (kg/s/m)  (kg/s)  QB in (kg)  (m3)  tons) 
B  2/21/82  404.9  0.92  46.6  4.02E+06  1469  4024  405.1  0.92  46.9  4.05E+06  1478  4048 
B  2/22/82  359.6  0.43  21.7  1.87E+06  684  1873  359.9  0.43  21.8  1.88E+06  687  1882 
B  2/23/82  359.6  0.43  21.7  1.87E+06  684  1873  359.1  0.42  21.5  1.86E+06  678  1856 
B  2/24/82  314.3  0.11  5.53  4.78E+05  174  478  313.9  0.11  5.38  4.64E+05  170  464 
B  2/25/82  288.8  0.0074  0.377  3.25E+04  12  33  288.6  0.0074  0.376 
B  2/26/82  291.7  0.0076  0.389  3.36E+04  12  34  291.5  0.0076  0.3880 
B  2/27/82  288.8  0.0074  0.377  3.25E+04  12  33  284.8  0.0071  0.3596 
B  2/28/82  286.0  0.0072  0.365  3.15E+04  11  31  285.5  0.0071  0.3624 
B  3/1/82  291.7  0.0076  0.389  3.36E+04  12  34  261.4  0.0051  0.2604 
SUM  1.92  97.4  8.41E+06  3071  8411  SUM  1.91  97.2  8.40E+06  3067  8402 
D  2/21/82  404.9  0.57  35.7  3.08E+06  1126  3084  405.1  0.57  35.7  3.09E+06  1128  3089 
D  2/22/82  359.6  0.34  21.2  1.83E+06  668  1829  359.9  0.34  21.3  1.84E+06  671  1837 
D  2/23/82  359.6  0.34  21.2  1.83E+06  668  1829  359.1  0.34  21.0  1.81E+06  662  1815 
D  2/24/82  314.3  0.12  7.19  6.22E+05  227  622  313.9  0.11  7.06  6.10E+05  223  610 
D  2/25/82  288.8  0.040  2.47  2.13E+05  78  213  288.6  0.0395  2.46  2.13E+05  78  213 
D  2/26/82  291.7  0.041  2.55  2.20E+05  80  220  291.5  0.0408  2.54  2.20E+05  80  220 
D  2/27/82  288.8  0.040  2.47  2.13E+05  78  213  284.8  0.0378  2.36  2.04E+05  74  204 
D  2/28/82  286.0  0.038  2.39  2.06E+05  75  206  285.5  0.0381  2.38  2.05E+05  75  205 
D  3/1/82  291.7  0.041  2.55  2.20E+05  80  220  261.4  0.0274  1.71  1.48E+05  54  148 
SUM  1.57  97.6  8.44E+06  3080  8436  SUM  1.55  96.5  8.34E+06  3044  8339 Table M.2 Bed load transport and bedload transport rates for Q;,, and Q,,,,, for the 1996 transport event. 
Q Shitike  QB out 
Q out  Creek  0 tot  qT out  QT out  QB out  QB out  (metric 
Site  Date  (m3/s)  (m3/s)  (m3/s)  (kg/s/m)_  (kg/s)  (kg)  (m3)  tons) 
B  2/7/96 
B  2/8/96  509.7  5.78  294  2.54E+07  9261  25367 
B  2/9/96  441.8  2.46  125  1.08E+07  3937  10784 
B  2/10/96  368.1  0.49  24.7  2.13E+06  779  2134 
B  2/11/96  351.1  0.37  18.6  1.61E+06  588  1611 
B  2/12/96  325.7  0.19  9.57  8.27E+05  302  827 
B  2/13/96  294.5  0.01  0.40  3.46E+04  13  35 
SUM  9.28  471.7  4.08E+07  14880  40758 
D  2/7/96  279.8  92.0  371.8  0.40  24.9  2.15E+06  786  2153 
D  2/8/96  509.7  75.9  585.6  2.1  133  1.15E+07  4181  11452 
D  2/9/96  441.8  90.1  531.8  1.55  96.8  8.36E+06  3052  8361 
D  2/10/96  368.1  31.7  399.8  0.54  33.6  2.90E+06  1059  2900 
D  2/11/96  351.1  16.5  367.7  0.38  23.6  2.04E+06  746  2042 
D  2/12/96  325.7  9.3  334.9  0.22  13.5  1.17E+06  427  1170 
D  2/13/96  294.5  6.8  301.3  0.05  3.2 
SUM  5.26  328.2  2.84E+07  10352  28355 Table M.2 (Continued) 
Q Shitike  QB in 
0 in  Creek  0 tot  qT in  QT in  QB in  QB in  (metric 
Site  Date  (m3/s)  (m3/s)  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons) 
B  2/7/96  376.9  0.55  27.8  2.40E+06  878  2405 
B  2/8/96  471.1  3.68  187  1.62E+07  5902  16166 
B  2/9/96  431.8  2.04  104  8.96E+06  3273  8964 
B  2/10/96  368.1  0.49  24.7  2.13E+06  779  2134 
B  2/11/96  351.1  0.37  18.6  1.61E+06  588  1611 
B  2/12/96  320.7  0.15  7.80  6.74E+05  246  674 
B  2/13/96  300.9  0.01  0.762  6.58E+04  24  66 
SUM  6.75  370.6  3.20E+07  11690  32021 
D  2/7/96  376.9  92.0  469.0  0.57  35.7  3.09E+06  1128  3089 
D  2/8/96  471.1  75.9  547.0  1.71  107  9.23E+06  3370  9232 
D  2/9/96  431.8  90.1  521.9  1.45  90.2  7.79E+06  2844  7792 
D  2/10/96  368.1  31.7  399.8  0.54  33.6  2.90E+06  1059  2900 
D  2/11/96  351.1  16.5  367.7  0.38  23.6  2.04E+06  746  2042 
D  2/12/96  320.7  9.3  330.0  0.19  12.0  1.04E+06  379  1038 
D  2/13/96  300.9  6.8  307.8  0.08  5.2  4.47E+05  163  447 
SUM  4.93  307.2  2.65E+07  9689  26539 Table M.3 Bedload transport and bedload transport rates for Q;,, and Q,,,,, for the combined 1964 and 1965 transport events. 
... 
QB out  QB in 
Q out  qT out  QT out  QB out  QB out  (metric  Q in  qT in  QT in  QB in  (metric 
Site  Date  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons)  (m3/s)  (kg/s/m)  (kg/s)  QB in (kg)  (m3)  tons) 
B  12/23/64  115.8  526.6  7.32  372  32153064  11738  32153 
B  12/24/64  120.4  563.9  10.7  545  47089164  17191  47089 
B  12/25/64  203.0  469.7  3.62  184.2  15912064  5809  15912 
B  12/26/64  339.8  0.288  14.6  1262536  461  1263  470.3  3.65  185.5  16026991  5851  16027 
B  12/27/64  410.6  1.15  58.6  5063974  1849  5064  446.2  2.64  134.3  11602315  4236  11602 
B  12/28/64  427.6  1.86  94.7  8184155  2988  8184  402.7  0.82  41.8  3614912  1320  3615 
B  12/29/64  376.6  0.546  27.7  2396042  875  2396  392.7  0.66  33.5  2891080  1055  2891 
B  12/30/64  325.7  0.188  9.57  826572  302  827  337.6  0.27  13.8  1195354  436  1195 
B  12/31/64  300.2  0.0095  0.484  41836  15  42  317.6  0.13  6.70  578726  211  579 
B  1/1/65  297.3  0.0081  0.413  35642  13  36  305.1  0.04  2.24  193334  71  193 
B  1/2/65  286.0  0.0072  0.365  31495  11  31  292.9  0.0077  0.394  34012  12  34 
B  1/3/65  288.8  0.0074  0.377  32531  12  33  286.3  0.00.72  0.365  31495  11  31 
B  1/4/65  276.9  0.0064  0.326  28177  10  28  281.0  0.0068  0.343  29658  11  30 
B  1/5/65  266.2  0.0055  0.281  24237  9  24  251.9  0.0043  0.220  19004  7  19 
B  1/6/65  230.5  0.0025  0.129  11174  4  11  239.1  0.0033  0.166  14307  5  14 
B  1/7/65  201.3  0.0001  0.006  496  0  0  235.0  0.0029  0.148  12818  5  13 
B  1/8/65  202.2  0.0002  0.009  807  0  1  231.9  0.0027  0.135  11672  4  12 
B  1/9/65  216.9  0.0014  0.072  6198  2  6  229.4  0.0025  0.125  10759  4  11 
B  1/10/65  228.5  0.0024  0.121  10448  4  10  228.7  0.0024  0.122  10527  4  11 
B  1/11/65  231.4  0.0026  0.133  11485  4  11  230.6  0.0026  0.130  11214  4  11 
B  1/12/65  229.4  0.0025  0.125  10759  4  11  220.0  0.0017  0.0847  7319  3  7 
B  1/13/65  230.5  0.0025  0.129  11174  4  11  210.6  0.0009  0.0449  3882  1 4 
B  1/14/65  231.4  0.0026  0.133  11485  4  11  210.0  0.0008  0.0423  3653  1  4 
B  1/15/65  228.5  0.0024  0.121  10448  4  10  209.3  0.0008  0.0396  3424  1 3 
B  1/16/65  227.4  0.0023  0.116  10034  4  10  212.8  0.0011  0.0542  4684  2  5 
B  1/17/65  208.7  7.27E-04  0.0369  3191  1  3  208.1  0.0007  0.0343  2966  1  3 
B  1/18/65  193.4  1E-06  5.3E-05  5  0  0  204.3  0.0004  0.0184  1591  1  2 
B  1/19/65  192.6  1E-06  5.3E-05  5  0  0  201.8  0.0002  0.0078  674  0  1 
B  1/20/65  192.6  1E-06  5.3E-05  5  0  0  200.6  4.9E-05  0.00250  216  0  0 Table M.3 (Continued) 
QB out  QB in
Q out  qT out  QT out  QB out  QB out  (metric  Q in  qT in  QT in  QB in  (metric 
Site  Date  (m3/s)  (kg/s/m)  (kg/s)  (kg)  (m3)  tons)  (m3/s) _(kg/s/m)  (kg/s)  QB in (kg)  (m3)  tons) 
B  1/21/65  193.4  1E-06  5.3E-05  5  0  0  201.2  0.0001  0.00515  445  0  0 
B  1/22/65  194.3  1.1E-06  5.4E-05  5  0  0  168.7  7.7E-07  3.9E-05  3  0  0 
B  1/23/65  196.0  1.1E-06  5.5E-05  5  0  0  165.2  7.3E-07  3.7E-05  3  0  0 
B  1/24/65  214.1  0.00118  0.05973  5161  2  5  178.4  8.8E-07  4.5E-05  4  0  0 
B  1/25/65  215.2  0.00127  0.06453  5576  2  6  171.2  8E-07  4E-05  3  0  0 
B  1/26/65  197.1  1.1E-06  5.5E-05  5  0  0  170.2  7.9E-07  4E-05  3  0  0 
B  1/27/65  177.3  8.6E-07  4.4E-05  4  0  0  178.7  8.8E-07  4.5E-05  4  0  0 
B  1/28/65  204.2  0.00035  0.01773  1532  1  2  232.5  0.00271  0.13775  11901  4  12 
B  1/29/65  241.3  0.00344  0.17493  15114  6  15  255.6  0.00464  0.236  20379  7  20 
B  1/30/65  266.2  0.00552  0.28052  24237  9  24  329.8  0.217  11.0  954483  348  954 
B  1/31/65  348.3  0.35  17.6  1524114  556  1524  341.1  0.296  15.1  1301337  475  1301 
B  2/1/65  345.5  0.33  16.6  1436921  525  1437  314.8  0.112  5.69  492013  180  492 
B  2/2/65  288.8  0.00741  0.377  32531  12  33  304.5  0.040  2.01  174064  64  174 
B  2/3/65  286.0  0.00717  0.365  31495  11  31  295.7  0.0080  0.4056  35043  13  35 
B  2/4/65  297.3  0.00812  0.413  35642  13  36  291.6  0.0076  0.3884  33554  12  34 
B  2/5/65  297.3  0.00812  0.413  35642  13  36  267.5 
B  2/6/65  297.3  0.00812  0.413  35642  13  36  256.3 
B  2/7/65  297.3  0.00812  0.413  35642  13  36  249.1 
SUM  4.84  246  2.1E+07  7756  21244  SUM  30.6  1557  1.34E+08  49100  134494 